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PREFACE 


The purpose of this manual is to provide the Wang-trained Customer 
Engineer (CE) with instructions to operate, troubleshoot and repair the 
Kennedy Tape Drive Model 9100. 


Two Product Service Notices (PSN's), 729-0249-Al and 729-0249-A2, are 
located at the back of the manual. 


Third Edition (July 1984) 
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documents 729-0249-Al, and 729-0249-A2. The material in this document may be 
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this document will be published as Publications Update Bulletins (PUB's) or 
Subsequent editions. 
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SECTION 1 


APPLICATION DATA 


1.1 INTRODUCTION 


The Kennedy Model 9100 is a synchronous digital 
magnetic tape unit that with proper external format- 
ting control {s capable of reading and writing ILM 
compatible tapes, and is used in applications re- 
quiring high reliability at moderate tape speeds, 
Typical applications include operation with mini com- 
puters as peripherals and high speed data collection 
systems. 


The Model 9100 is equipped with the electronics 
necessary for reading and writing tapes and for 
controlling the tape motion. The head specifications 
and the mechanical and elecirical tolerances of the 
Model 9100 meet the requirements for IBM compati- 
bility, However, the formatting electronics, parity 
generator, cyclic redundancy check character(CRCC) 
generator, gap control, etc., are not included and 
must be provided by the tape control and formatter 


1.2 ELECTRICAL AND MECHANICAL SPECIFICATIONS 


Tape (computer grade) 
Width @ee#e6e@6086084080 06 @ 
ThickneSS ,,.eeesee0e8c0 165 mil (0,038 mm) 
Tension ...eeee0e.6e2. 98.0 ounces (227 gm) 
Reel diameter ,,.., to 10.5 inches (26.6 cm) 
Capacity ,....¢e0.e. 2400 feet (731.5 meters) 
Recl hub ,....62.c. 3269 inches (9,37 cm) dla 

per IBM standards 


0.5 Inch (1. 27 cm) 


Reel braking .....6.00e002eeee06e6.6 Dynamic 
Recording mode (IBM compatible) ,. NRZ1/PE 
Tape drive ,...eeeeoee4.. Single capstan 


Tape speed ..,,,, 45-75 ips (114-190 cm/sec) 
Instantaneous Speed variation ,......,. 121%, 
Long term speed variation ,.,.,..4..... 21% 


Start/stop displacement .. 0.19 inch (0.476 cm) 
Start/stop time @ 75 ips .....e.ese0. 3.0 mS 
Rewind speed ,,.... 200 ips (508 cm) nominal 


Magnetic head assembly 
(Write to read gap displacement) 
Dual gap 7 track read after write ... 
Lats eee wew ees. E30 Inch Web CM) 
Dual gap 9 track read after write ........ 
0.15 inch (0.3% cm) 
Interchannel displacement error... (measured 
with IBM master skew tape PN 432362) 
Write (maximum) ... 160 pinches (2.5 pm) 
Read (maximum) «+.» 100 pinches (2.5 pm) 


eoev#8vs8e 8 @ @ &@ @ @ eh 8hUOUlUMCU 


Table 1-1. 
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in order to generate properly formatted IBM com- 
patible tapes. 


The standard Model 91.00 is available in 7or 9 track 
NRZI recording configurations. as well as the 9 
track phase encoded configuration. Standard data 
recording densities are: 200/556 cpi or 556/800 cpi 
7 track NRZI, 800 cpi § track NRZI,1600 cpi 9 track 
phase encoded, 800/1600 cpi 9 track NRZI/ phase 
encoded, or 00/1600 cpi NRZI, A tape unit select 
switch is standard on 7 and 9 track models. A dual 
density switch is standard on 9 track dual density 
units, 


The standard tape speed is 75 ips; however, tape 
speeds from 265-75 ips are available. The data 
transfer rate at 75 ips, 800 cpi is 60 kHz, or 120 
kHz at 75 ips, 1600 cpi. Other options {nclude power 
supply modification to accommodate foreign or dc 
line voltages, auto power restart, etc, 


Erase head Full width 


eoeeee8 460604 0@64 6 @ 6 @ 


Load point and end of tape reflective strip 


detection os seeeeseeevseeeeee Photoelectric 
(IBM compatible) 
Broken tape detection ...+.+... Photoelectric 


Dimensions (See Figure 1-1) 
Transport mounting (horizontal) 
Standard 19-inch (48.26 cm) RETMA rack 
Height .seseeeese 24.47 inches (62.15 cm) 
Width ...+eee-26-e-ee 19,00 inches (48.26 cm) 
. Depth (from mounting surface) .....6.e008 
19,0 inches (48.26 cm) 
21.62 inches (54.91 cm) 
150 pounds (67.95 kgm) 
200 pounds (75. 43 kgm) 


Depth (overall) ... 
Weight eee#ees#eeeesee 
Shipping weight .... 


Operating environment 
Ambient temperature ,...0.. 
Relative humicity (noncondensing) , 


O 
42° to +50 C 
15% to 95% 


115 vac, 60 Hz 
220/240 vac, 50 Hz 

single phase 
400 
800 


Power requirements 


Volt amps nominal 
Volt amps maximum 


@eeetsoeee@6ee¢e¢ 8 @e8 6 
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Electrical and Mechanical Specifications 
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Figure 1-1. 
Model! 9100 Outline and Installation Drawing 


1.3 CONTROLS AND INDICATORS 


a re 


WRITS BSaLacT 
a 
mea? Na ace ON LINE 


WRITE INDICATOR. Illuminated when write 


status is selected, 


READ INDICATOR, Illuminated when read status 
is selected. 


SELECT INDICATOR, Illuminated when tape unit 
is on line and selected. 


WRITE ENABLE INDICATOR. Illuminated when- 
ever a reel with a write enable ring is mounted 
on t.2 supply hub. 


ON LINE, A momentary pushbutton, which func- 
tions as alternate action. When first activated 
the tape unit is placed in an on-line condition; 
when the tape unit is on line it can be remotely 
selected and will be ready if tape is loaded to or 
past the load point. When activated again it takes 
the tape unit off line. The indicator is tlluminated 
in the on-line condition. 


Figure 1-2. 


LOAD 
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ee ene - 


REWIND POWER 


LOAD. The momentary pushbutton activates the 
reel servos (tensions tape) and starts the load 
sequence. ‘The indicator is illuminated when the 
reel servos are activated and tape {8 tensioned, 


REWIND, The momentary pushbutton activates a 
rewind operation. This control is enabled only 
when tape is tensioned and unit is off line. The 
indicator is iiluminated during either a local or 
remote rewind operation. Pressing the REWIND 
pushbutton at load point initiates the unload se- 
quence, 


NOTE 
LOADand REWINDpushbuttons are disabled when 


the tape unit is on line, 


POWER. The ON/OFF switch applies power to 
the tape transport, 


Control Panel Controls and Indicators 
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WRITE TEST 
TasT MODE 


FAST av 
CYCLE f&®wo UN sTroP 


A FWO 
= | RUN 
es ee ee es ee 


a re th SRR hc 


NOTE 


Tape transport must be off line and STOP pushbutton 
depressed before test panel can become functional. 


TEST point and SKEW indicator. Indicator lights if taupe skew exceeds the appropriate skew 
(read or write) gate setting. An oscilloscope test point is available for monitoring skew gate 
timing. 

HDS indicator. Indicates that high density mode has been selected, 


EOT indicator, Indicates when tape has reached or passed end of tape. 


LOAD POINT indicator. Indicates when tape is at load point. 


CYCLE pushbutton. An interlocked pushbutton which runs tape in alternating forward and 
reverse modes, Useful for makliig ramp or vacuum sensor adjustments. Depressing STOP 
pushbutton terminates this operation, 


FAST FORWARD pushbutton, An interlocked pushbutton switch that allows tape unit to run 
forward at fast speed. Depressing STOP pushbutton or EOT marker terminates this operation, 


REVERSE RUN pushbutton. An interlocked pushbutton switch that allows tape unit to run in 
reverse at normal speed, Depressing STOP pushbutton or load point marker terminates this 
operation. 


FORWARD RUN pushbutton, An interlocked pushbutton switch that allows tape unit to proceed 
forward at normal speed. Depressing STOP pushbutton or EOT marker terminates this oper- 
ation. 


STOP pushbutton. An interlocked pushbutton switch that terminates all tape motion. 


WRITE TEST pushbutton and indicator. | momentary pushbutton which programs 1's to be 
written on all channels to facilitate write skew adjustment. WRITE TEST remains active in 
FORWARD RUN mode only. (STOP pushbutton must be depressed and TEST MODE selected 
to actuate this feature.) The indicator remains illuminated while untt {8 in this mode, 


TEST MODE pushbutton and indicator. A momentary pushbutton selects test mode and acti- 
vates test panel. When indicator is illuminated, test panel is active. (Tape unit must be off 
line and STOP pushbutton depressed before test panel will function. ) 


Test Panel Controls and Indicators 
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1.4 INTERFACE CONNECTIONS 


The interface connectors on the Model 9100 are de- 
signed for twisted pair {nputs and outputs, For each 
active pin there {8 a ground pin. The mating inter- 
face connectors, three 36-pin edge connectors (PN 
121-0096) are supplied with the tape unit, 


1.8 INTERFACE SIGNAL CHARACTERISTICS 


The tape unit responds to zero true inputs and pro- 
vides zero true outputs. Each signal input ts termi- 
nated in stich a manner as to provide matching fox 
twisted pair cables, See Figure 1-3. Each output 
line ig driven with an open collector driver. For 
best results the typical interfacing circuit config- 
urations shown in Figure 1-4 should be used, The 
recommended twisted pair cable will reduce the 
magnitude of intercable crosstalk, Unless otherwise 
specified all wires should be 24 AWG mintmum, with 
a minimum insulation thickness of 0.01 tnch. Each 
pair should have not less than one twist per inch and 
the input-output cables should not exceed 20 feet in 


length. 


1.6 INPUT SIGNAL DESCRIPTION 


The input receiver circuits, due to zerotruecurrent 
sinking logic design, will interpret a disconnected 
wire or removal of power at the transmitter asa 
logic 0 or false condition. The logic 1 or true state 
requires 25 ma current sink with less than 0, 4v. 


The logic 0 or false state will be 3v due to the input 
matching resistors (see Figure 1-3). The recom- 
mended input pulse width is 2 microseconds. The 
rise and fall times for pulses and levels must be 
less than 0.5 microsecond, Each {input {8 enabled 
when the tape transport {8 on line and selected. 


eS ee ae, ee 


+5¥ 


| TAPE <n spuanl 
| RECEIVER | 


TTL 7400, | 
OTL 836 
OR EQUIV | 


Figure 1-3. Typical Receiver Circuit 
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1.7 OUTPUT SIGNAL DESCRIPTION 


Each output line is driven with an open collector 
current sinking logic driver which is capable of sink- 
ing up to 40 ma tn the true state, All outputs are 
disabled (false) when the tape unit {8 not on line or 
not selected, 


1.8 TAPE MOTION COMMANDS 


For maximum interface convenience, Model 9100 is 
configured to control tape motionand direction using 
the SYNCHRONOUS FORWARD command and SYN- 
CHRONOUS REVERSE command. The tape transport 
capstan servo accelerates the tape to the required 
speed with a linear ramp, The tape {8 also deceler- 
ated to a stop with a linear ramp. Start and stop 
occurs within the interrecord gaps. The ramp time 
is & ms for 75 ips and varies inversely with tape 
speed, The amount of tape travel during the ramp 
up or ramp down is always 0,19 inch. 


These two factors are to be taken into consideration 
when writing and gapping. A delay is required be- 
fore writing to insure that tape {s up to speed and to 
allow read after write. Timing diagrams for perti- 
nent commands to provide properly formatted tapes 
are shown in Figures 1-5 through 1-7. 


Figure 1-5 shows the timing requirements for writing 
a block in a read after write system (dual gap head) 
in the write mode with read occurring immediately 
after writing. Figure 1-6 shows the timing require- 
ments for reading a block in the forward direction. 
Figure 1-7 shows the timing requirements for read- 
ing a block ona read after write system in the re- 
verse direction, 


1.9 INTERFACE INPUT SIGNALS 


All commands from and to the input/output connector 
Are preconditioned by loading tape and placing the 
tape unit on line using the front panel controls. The 
next commands set up the recorder. 


1.9.1 SETUP COMMANDS 


TRANSPORT SELECT 
SLT Level Pl-J 
Alevel that when true enables all the interface driv- 
ers and recelvers in the transport, thus connecting 
the transport to the controller, Transport must also 
be on line, andSLT must be true for entire sequence 
(until taupe motion stops). The SLT levei mav be re- 
moved to disconnect the machine trum [the system, 
The read or write status will remainin the last estab- 
lished condition, 
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Figure 1-4. Typical interface Configuration 
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Figure 1-5. Write Timing 
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Figure 1-6. Read Forward Timing 
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Figure 1-7. Read Reverse Timing 
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DATA DENSITY SELECT 
(Dual Denaity only) 

DDS Level P1-D 
Used when the TRANSPORT DENSITY SELECT switch 
{s in the remote position. When true, this level 


selects the high read density (dual denaity). 
1.9.2 TAPE MOTION COMMANDS 


OVERWRITE (OPTIONAL) 


OVW Level P1-B 
A level that when true conditions appropriate circuitry 
in the transport to allow updating (rewriting) of a 
selected record. The transport must be in the write 


mode of operation to utilize the OVW feature. 


SYNCHRONOUS FORWARD COMMAND | 
BFC Level P1-C 
A level that when true, and the transport is ready 
and on line, causes tape to move forward at the spec~ 
ified speed. When the level goes false, tape motion 
ram,8 down and ceases. 


SYNCHRONOUS REVERSE COMMAND 
SRC Level P1-E 
A level that when true, and the transport is ready 
and on line, causes tape to move in a reverse direc- 
tion at the specified speed. When the level goes false, 
tape motion ramps down and ceases. If the toad point 
marker is detected during a SRC, the SRC will be 
terminated, If a SRC is given when the tape is at 
ioad point, it will be {gnored. 


REWIND COMMAND 
RWC Pl-H. 


A pulse input will rewind the tape past the load point 
and stop. The transport will then initiate a load for- 
ward sequence and return the tape to the load point 
marker. This input will be accepted only !f the load 
point output {s false, The transport may be taken 
off line while rewind {8 still in process. Rewind will 
continue normally. 


Pulse 


1.9.3 WRITE COMMANDS 


SET WRITE STATUS 


SWs Level P1-K 


A level thar inust be true at the leading edge of a 
SFC (or Ruiy and FWD) when the write mode of oper- 
ation {8 required, and must remain true for a mint{- 
mum of 10 usec after the leading edge of the SFC 
(or RUN and FWD). SWS is sampled at the leading 
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edge of the SFC (or RUN and FWD), toggling the 
read/write flip-flop to the appropriate state. In- 
ternal interlocks inthe tape unit will prevent writing 
in the reverse direction, when the write enable ring 
is missing, when the tape unit {s off line, when load- 
ing to load point, and during a rewind, 


WRITE DATA INPUTS 


Nine Track Seven Track 
WDP WDC P2-L 
W DO P2-M 
WDl P2-N 
W D2 WDB P2-P 
Wb3 WDA P2-R 
W D4 W D8 P2-S 
W D6 W D4 P2-T 
W D6 W D2 P2-U 
W D7 WDl P2-V 


Nine lines for nine-track operation, seven lines for 
seven-track operation. These are levels that if true 
at WDS time will result in a flux transition being re- 
corded on tape (transport is in the write mode). In- 
puts must remain quiescent 0.1 psec beyond the 
trailing edge of the WDS pulse. The CRCCis written 
by providing thecorrect data character together with 
a WDS four character times after the last data char- 
acter of the record. 


The LRCC ts written using the WARS signal. The 
LRCC can also be written by providing the correct 
data character together with a WDS. If the LRCC is 
written (DATA-WDS) in this manner a WARS should 
be given one character time after the LRCC to insure 
proper IRG erasure in case of data input error. 


WRITE DATA STROBE 


WDS Pulse P2-A 


A pulse of 1 psec nominal width for each character 
to be written. Writing occurs on the trailing edge of 
the WDS. WDS may be a 1 psec minimum, 1.5 psec 
maximum pulse. Data inputs must have settled for 
at least 0.1 psec before the leading edge of WDS and 
remain quiescent for at least 0.1 psec beyond the 
trailing edge. 


WRITE AMPLIFIER RESET 


WARS Pulse P2-C 


A pulse of 1 psec nominal width that, when true, re- 
sets the write amplifier circuits on the leading edge 
which is delayed internally by thu write deskewing 
network. The purpose of this line is to enable writ- 
ing of the longitudinal redundancy check character 
(LIRCC) at the end of a record. This insures that all 
tracks are properly erased in an interrecord gap 
(IRG). 


Ina seven-track system, the leading edge of the WARS 
pulse should be four character times after the lead- 
ing edge of the WDS associated with the last data 
character in the block. Ina nine-track system, the 
leading edge of the WARS pulse should be eight char- 
acter times after the leading edge of the WDS usso- 
ciated with the last data character in the block (four 
character times after the CRCC ts written), 


1.9.4 READ COMMANDS 


The tape unit will always have read selected. When 
write is selected (SWS) the data just written will be 
read back using a high threshold level on the read 
amplifiers. When SWS is false the normal threshold 
is applied to the read amplifiers, 


AUTOMATIC CLIPPING LEVEL DISABLE 
ACLD Level P3-6 


When true this level overrides the automatic clipping 
level electronics and holds the read electronics in 
the normal clipping level. The switching between 
read and write clipping levels is not affected. 


1.9.5 SHUTDOWN COMMANDS 


The use of a given magnetic tape unit may be termi- 
nated by anOFF LINE command. Once this command 
{s given the tape unlt may be returned to an interface 
command only by operating the front panel ON LINE 
switch, 


OFF LINE COMMAND 
OFFC Pulse Pl-L 
A level or pulse (minimum width 1 usec) that resets 
the on-line flip-flop to the zero state, placing the 
transport under manual control, It is gated only by 
SELECT tn the transport logic, allowing an OF FC 
to be given while a rewind is in progress, An OF FC 
should be separated from a rewind command by at 
least 2 usec. 


1.10 INTERFACE OUTPUT SIGNALS 


All output signals are enabled only when the tape 
transport 1s ON LINI and SELECTED, 


1.10.1 STATUS OUTPUTS 


ON LINE 

ONL Level P1-M 
A level that {8 true when the on-line flip-flop Is set. 
When true, the transport is under remote control, 
When false, the transport {s under local contrul, 
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TRANSPORT READY 


RDY Level P1-T 


A level that {8 true when the tape transport ison tape; 
that {8, when the inftlal load sequence is complete 
and the transport [s not rewinding, When true, the 
transport is ready to receive a remote command, 


HIGH DENSITY INDICATOR 
(Dual Density only) 


HDI Level Pl-F 


A level that is true only when the high-densitv mode 
of operation is selected, 


FILE PROTECT 


FPT Level P1-) 


A level that {8 true when a reel of tape without a 
write-enable ring is mounted on the transport supply 
(or file) hub. 


WRITE ENABLE 
WEN Level P1-S 


A‘ level that is true when a reel of tape with a write- 
enable ring is mounted on the transport supply (or 
file) hub. Opposite of file protect, 


LOAD POINT 
LDP Level P1-R 


A level that is true when the load point marker {s 
under the photosensor and the transport is not re- 
winding. After receipt of a SFC the signal will re- 
main true until the load puint marker leaves the 
photosense aren, 


TAPE RUNNING 
RNG Level P1-V 


This{s a level that is true when tape {s being moved 
under capstan control and remains true until tape 
motion has ceased. (Includes forward, reverse, and 
rewind tape motion, ) 


END OF TAPE 
KOT Level P1-U 


Alevel that is true when the KOT marker is detected 
in the forward direction, Goes false when the FOT 
mirker is detected In reverse (SRC or REWIND), 


REWINDING 
RWI) Level PI-N 


A level that is true when the transport is engaged tn 
a rewind operation or returning to the load point at 
the end of the rewind operation, 


1.10.2 READ OUTPUTS 


Read outputs are present at all times, The high 
threshold level is selected internally when SWS is 
selected. 


‘READ DATA STROBE 
RDS Pulse P3-2 
(Not used in phase encoded operation) 


A pulse for each data character read from tape in 
NRZ1. Theaverage time (T,) between two read data 
strobes is 


1 
Le Gna ~ as.d 


Read clock pulse width (t,,) is 


where 


8 = tape speed in inches per second 

d = density characters per inch 
The minimum time between consecutive read data 
strobes is less than this figure owing to skew and bit 


crowding effects, A guaranteed safe value for the 
minimum time ia 1/2 7,. 


READ GAP DETECT 
RGAP Level P3-12 
(Not used for phase encoded operation) 


Ga 
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A level that is true approximately 20 character spap- 
inge after the last data byte (16 character spacings 
on seven-channel), and remains true until the first 
data byte of the subsequent data block. Note: This 
level will be true whenever tape motion is at rest. 


READ DATA LEVEL (NAZ1 MODE) 
Nine Track Seven Track 


RDP RDC P3-1 
RDO P3-3 
RD1 P3-4 
RD2 RDB P3-8 
RD3 RDA P3-9 
R D4 RD8 P3-14 
RD6 RD4 P3-15 
RD6 RD2 P3-17 
RD? RD1 P3-18 


Nine lines, nine track; seven lines, seven track. 
These lines may be strobed by either edge of the read 
clock and remain true for 1/64 of a character time 
following the trailing edge of the read clock. Note: 
A CRC character may be all zeros, which will not 
cause a read clock. 


1.11 STATION SELECT SWITCH 


The station select unit on the front panel of the 
Model 9100 is wired as shown in Figure 1-8. When 
using the station select switch, disconnect the 
SELECT line connected to J1-J of the Model 9190. 


1.12 SUMMARY OF CHARACTERISTICS 


Figure 1-8 shows the location of connectors and pin 
numbers with signal names. 
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3 READ 


<«?—_ =[NPUT 
—& OUTPUT 
WRITE CONNECTOR J2 J4 
ACTIVE GROUND SIGNAL MNEMONIC 
a memgem——— WRITE DATA STROBE WoS) 
) 2 een HC, 
C 3 WRITE AMPLIFIER RESET WARS 
D 4 NOT USED 
E 5 NOT USED 
F 6 NOT USED 
H ? NOT USED 
J 8 NOT USED 
K 9 NOT USED 
L 10 ~<a WRITE DATA CHANNEL P WOP 
M 1) <a WRITE DATA CHANNEL 0 wDO 
N 12 <ail————= WRITE DATA CHANNEL } WO1 
p 13 ame WRITE DATA CHANNEL 2 WO2 
R 14 —amgenmmmns WRITE DATA CHANNEL 3 WO3 
S 15 <== WRITE DATA CHANNEL 4 WO4 
T 16 —walh——— WRITE DATA CHANNEL 5 WO5 
U 17 <wab————= WRITE DATA CHANNEL 6 WO6 
V 18 ~le———— WRITE DATA CHANNEL 7 WO?7 
CONTROL CONNECTOR J1 
ACTIVE GROUND SIGNAL MNEMONIC 
| watt LOAD ON LINE (OPTIONAL) ~ TOL 
B 2 me OVERWRITE OVW 
C 3 = SYNCHRONOUS FORWARD SFC 
D 4 tlm HIGH DENSITY SELECT HOS 
E 5 em SYNCHRONOUS REVERSE SRC 
F 6 me HIGH DENSITY INDICATOR HOT 
H 7 w= REWIND COMMAND RWC 
J 8 l= SELECT SLT 
K Q == SET WRITE STATUS SWS 
L 10 <al————= OFF LINE COMMAND OFFC 
M 11 ———ge ON LINE ONL 
N 12 me REWINOING RWD 
| p 13 ———Me FILE PROTECT FPT 
| R 14 ——megm LOAD POINT LP 
| 5 15 ———e WRITE ENABLE WEN 
| T 16 ge TRANSPORT READY RDY 
| U 17 ——m END OF TAPE EOT 
} V 18 ———M TAPE RUNNING TRNG 
READ CONNECTOR J3 
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~~ [Kem READ DATA CHANNEL P ~ ROE 
2 Bo READ DATA- STROBE RDS 
3 C ———BREAD DATA CHANNEL 0 RDO 
4 D  ———B READ DATA CHANNEL 1 RD) 
5 E NOT USED 
6 FI AUTO DISABLE 
7 H NOT USED 
8 J ———-BR READ DATA CHANNEL 2 RD2 
9 kK ———B READ DATA CHANNEL 3 ROD3 
10 L NCT USED 
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12 N  ——— GAP DITECT 
13 p NOT USED 
14 Re READ DATA CHANNEL 4 RD4 
15 So READ DATA CHANNEL 5 RDS 
16 7 NOT USED 
17 UV ——-B READ DATA CHANNEL 6 RDG 
18 Yo BREAD DATA CHANNEL 7 RD? 
STATION SELECT CONNECTOR J4 
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AC” Begg SELECTS STATION } pais ib ine 
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Figure 1-8. Summary of Interface Characteristics 
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SECTION Il 


INSTALLATION AND OPERATION 


2.1 INSTALLATION 
2.1.1 INSPECTION 


Prior to installation, Inspect thoroughly for foreign 
material that may have become lodged in the vacuum 
columns, reel hubs, and other moving parts. 


2.1.2 MOUNTING 


Physical dimensions and outline of the tape transport 
are shown In Figure 1-1. The transport requires 24.5 
Inches vertical mounting space on the.standard 19 
Inch rack. Transports in a system configuration 
should be arranged to require less than 20 feet of 
cabling between the tape controller and the furthest 
tape unit. 


2.1.3 SERVICE ACCESS 


Access to the plug-in cards and control electronics is 
available with the unit extended on slides from the 
Sides. The voltage regulator and the servo power 
assembly are mounted on the inside of the heatsink on 
the side of the transport. The fuses, power 
connector, and interface connectors are also acces- 
sible from the rear of the unit. For servicing 
electronics, test point are provided by standoff pins 
on circuit boards and are identified by upper case 
letters near each test point. 


2.1.4 SUPPLIED ITEMS/REQUIRED ITEMS 


All required items except the twisted pair interface 
cables are supplied with the unit. These required 
items and their part numbers include: 


1, Empty 10.5 inch reel (113-0008-001) 

2. Door stop (104-5744-001) 

3. Three 36 pin interface connectors (order 
three 121-0082-002) 

4. Winchester Address Select Connector w/pin 
(121-0108-001; 121-0082-002) 

5. Power Cord (121-9000-003) 

6. Shipping Brace (291-4768-001) 
(Shipping brace should be removed before 
use and saved in case the machine is to be 
shipped in the future.) 


7. Set of rack mount slides (121-0151-001) 
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2.1.5 INTERCABLING 


Installation of the tape transport requires fabrication 
of interconnection cables between the tape controller 
and the tape transport. The three 36-pin cable 
connectors that mate with the connectors on the 
units are supplied with the system. 


The connector pin assignments are shown in Figure 
1-8. Twisted pair cabling should be used to reduce 
Intercable crosstalk. All wires should be 24 AWG 
minimum, with a minimum insulation thickness of 
0.01 inch. Each pair should have no less than one 
twist per inch, and maximum cable length should not 
exceed 20 feet. 


2.1.66 POWER CONNECTIONS 


Before connecting the unit to the power 
source, make certain the line voltage Is 
correct (115 or 230 vac) and that proper 
fuses have been installed. 


A detachable power cord is, supplied with the tape 
unit. The power cord is 7.5 feet long and has a NEMA 
three-prong (two power, one chassis ground) plug for 
connection to the power source. 


2.2 OPERATION 

2.2.1 INTERFACE 

Before placing the unit in operation, make certain 
that the interface connection procedures outlined in 
Section | have been performed. 

2.2.2 CONTROLS AND INDICATORS 

Paragraph 1.3 lists the controls and indicators for the 
tape transport and describes the functions of each. 
The test panel controls are described in Section IV. 


2.2.3 PRELIMINARY PROCEDURES 


Before placing the unit 
follows: 


in operation, proceed as 


a. Check the tape transport read/write head, 
erase head, capstan and idlers for any 
foreign material. 


b. Check for correct line voltage and make 
sure that correct fuses are installed (par- 
agraph 2.1.5). 


C. Push primary power switch on control panel 
to ON position. 


2.2.4 TAPE THREADING 


To thread the tape on the transport, proceed as 
follows: = 


a. Raise the latch of the quick-release hub 
and place the tape file reel to be used on 
the supply hub (Figure 2-1) with the write 
enable ring side next to the transport deck. 


b. Hold the reel flush against the hub flange 
and secure it by pressing the hub latch 

c. Thread the tape along the path as shown on 
the threading diagram (Figure 2-1). 


d. Holding the end of the tape, wrap & few 
clockwise turns around the takeup reel hub. 


4 
J 


e 
(—— 


Figure 2-1. 
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2.2.0 TAPE LOADING 


Pressing the LOAD pushbutton energizes the reel 
servos and initiates a load sequence. Tape advances 
to the load point marker and stops. If for some 
reason the load point marker is already past the 
sensor as, for example, when restoring power after a 
shutdown, tape continues to move for approximately 
6 seconds and then initiates rewind automatically. 


Once pressed, the LOAD switch Is illuminated and 
remains illuminated until power has been turned off 
or tape is removed from the machine. 


2.2.8 PLACING TAPE UNIT ON LINE 


After the tape is properly threaded and has been 
loaded and brought to the load point, press the ON 
LINE pushbutton and make certain the ON LINE 
indicator illuminates. (The REWIND pushbutton is 
disabled when the tape unit is on line.) On-line status 
enables the tape unit to be remotely selected and to 
perform all normal operations under remote control. 


2.2.7 TAPE UNLOADING AND REWIND 


Provision is made in the 9000 series transports for 
rewinding a tape to load point under remote control. 
However, this operation may also be performed 
manually. Proceed as follows: 


SUPPLY REEL 


TAKE-UP REEL 


Tape Threading Diagram 


a. 


If the ON LINE indicator {s illuminated, 
press the ON LINE pushbutton. The ON 
LINE indicator should extinguish when 
pressure is removed. 


Press the REWIND pushbutton. The tape 
will now rewind to the load point marker. 


After the tape has been position at the load 
point under remote or local control, press 
the REWIND pushbutton to rewind the tape 
past load point to the physical beginning of 
the tape. 


NOTE 


The rewind sequence cannot be stopped 
until the tape has rewound either to load 
point or until tape is rewound onto the 
supply reel after an unload sequence. 
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2.2.8 POWER SHUTDOWN 


A tape transport should not be turned off when tape 
Is loaded and is past the load point marker. Kennedy 
§8000-series transports are designed to prevent 
physical damage to the tape in the event of power 
failure, and to minimize operator error which could 
destroy recorded data. In the event of power failure 
during tape unit operation, manually wind the tape 
forward seve .1 feet before restoring power. When 
power has been restored, press the LOAD pushbutton. 
If load point is not reached within 36 feet, the tape 
will rewind, searching for load point. If desired, the 
tape can then be advanced to the data block nearest 
the point at which the power failure occurred by 
Initiating the appropriate control commands. 


Although it is possible to develop procedures which 
would allow power shutdown between tape files and 
tape records this js not recommended. Where data 
files are short, it is preferable to use smaller tape 
reels. 


TAPE THREADING DIAGRAM 
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THEORY OF OPERATION 


3.1 INTRODUCTION 


This section describes the Model 9100 tape transport 
at the functional blook level. The description applies 
to the standard dual density 800/1600 cpi, nine track, 
75 ips version. Detailed circuit descriptions are 
included in the schematic section of the manual, 


3.2 TAPE TRANSPORT CONTROL 


The circuit boards in the control section of the card 
cage control the tapetransport by generating internal 
tape transport coinmands which are based upon com-= 
mands from the interface, as well as status signals 
from the tape transport. 


In the Model 9100, the following circuit boards control 
the tape transport: 


Type 3841 Line Terminator 

Type 3842 Interface Control 

Type 3843 Pushbutton Control 

Type 5719 Sensor Amplifier/Driver 
Type 6667 Sequence Control 

Type 56733 Ramp Generator 

Type 6666 Servo Control 


Figure 3-1 is a block diagram of the Model 9100. 
Tape commands from the interface connector are 
supplied to the interface control board which will 
generate internal tape transport commands if certain 
interlocks arc satisfied. These tape transport com- 
mands are then supplied to the Pushbutton Control 
board. The Sequence Control and the Pushbutton 
Control also contain several interlocks which must 
be satisfied before the Pushbutton Control can encode 
the tape motion commands onto one of three command 
lines: RUN NORMAL (RNN1), RUN FAST (RNFI), 
and REVERSE SELECT (RVS1). These three com- 
mand lines are supplicd to the Ramp Generator, 
which provides linear ramp-up to speed and linear 
ramp-down to standstill in order to minimize tape 
stress and maintain accurate tape speeds. The out- 
put of the Ramp Generator is supplied to the capstan 
servo preamplifier on the Type 5666 Servo Pream- 
plifier board. The capstan servo uses the Ramp 
Generator output to control capstan motor current, 
while the capstan tachometer supplies a stabilizing 
feedback voltage to the capstan servo based on cap- 
stan motor speed. 


The Type 5719 Sensor Amplifier / Driver receives 
input from the file protect switch, load point sensor, 
and end of tape sensor, These signals are amplified 
and gated, then supplied to the Pushbutton Control 
and Sequence Control as tape transport status signals 
for controlling their interlocks, 


The Type 3844 Sensor Amplifier/Driver module also 
contains the drivers for the WRITE, READ, and 
SELECT indicators on the main control panel. 


3.2.1 SEQUENCE CONTROL 


Due to certain special sequencing requirements in- 
volved in controlling the tape transport, a special 
Sequence Control module has been developed for the 
Model 9100. ‘Transport control pushbuttons on the 
main control panel connect directly to this board. 
In addition, broken tape, vacuum switch, and load 
point status signals are input to the Sequence Control 
board. Thus, when tape breaks or vacuum pressure 
drops, the Sequence Control will initiate the appro- 
priate tape transport command to stop reel movement, 
Also, the sequencer will condition the actions caused 
by pressing the REWIND pushbutton dependent upon 
whether tape is in front of or past the load point 
marker. 


Four sequences are discussed: the POWER ON se- 
quence, which occurs after the POWER pushbutton 
igs pressed, the LOAD sequence, which follows the 
POWER ON sequence after the LOAD pushbutton is 
pressed, the UNLOAD sequence, which occurs when 
REWIND command is given and the tape is on the 
load point marker, and the POWER OFF sequence, 
when unit is loaded and power is turned off from the 
front panel. 


3.2.1.1 POWER ON Sequence 


When the POWER pushbutton is pressed, the low 
power transformer and various regulated voltages 
are generated. The vacuum blower and high power 
transformer are enabled through main relay K4. 


3.2.1.2 LOAD Sequence 


Juring this Sequence, the vacuum blower motor {8 
turned on, +24 vde and -24 vde is supplied to the 
electronics, servo relay Kl 18 actuated to enable 
reel motors und power latch, tupe is teasloned and 
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Figure 3-1. Control Logic Block Diagram 
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Figure 3-1. Control Logic Block Diagram 
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drawn into the vacuum columns, and the reel servo 
loop is closed. At the completion of this sequence, 
the tape is properly tensioned. The capstan servo 
now receives the com:inand to advance et normal 
speed to load point and then stops. If load point is 
not reached within 6 seconds after pressing the LOAD 
pushbutton, the sequencer will command the trans- 
port to rewind the tape, searching for load point. 
All operation is interrupted in case of broken tape 
or loss of vacuum as determined by the vacuum switch. 
In this instance BROKEN TAPE true signal will be 
supplied from the Sequence Control and all servos 
will be disabled immediately. An END OF TAPE 
true signal from the END OF TAPE sensor will not 
terminate a write operation. Instead, an EOT status 
{s given to the interface, which should be used to 
generate a proper sequence to terminate writing, 


3.2.1.3 UNLOAD Sequence 


During an unload operation, the tape is slowly and 
completely rewound onto the supply reel after it 
stops at loadpoint during a normal rewind sequence. 


To initiate the unload operation, the transport musi 
be taken off line, either through an OFF LINE tnter- 
face command cr by pressing the ON LINE push- 
button. Next the REWIND pushbutton is pressed, 
This sets the unload flip-flop on the Sequence Con=~ 
trol board, causing UNLOAD true to be output. 


This connects the supply reel motor to -8 vde in- 
Stead of +24 vdc, opening the tape position servo 
loop. The takeup and supply reels now slowly rotate 
in reverse until the tape {s completely rewound. 
When the physical end of tape is reached, BKN tape 
goes true and the unload sequence is terminated, 
Note that the POWER pushbutton 18 disabled during 
the entire unload operation. 


3.2.1.4 POWER OFF Sequence 


When the POWER switch is shut off, the vacuum motor 
turns off immediately. The sequence is: vacuum 
switch off, sensor disable true (enabling the reels to 
remove tape from the vacuum chamber), Servo dis- 
able true (applying braking signals to reels), all 
power then turned off, 


3.3 WRITE OPERATION 


(Occurs after LOAD sequence is completed) 

The main pushbutton panel on the front of the taupe 
deck {8 used to prepare the transport tur operation. 
After power is turned on and the tape is properly 
threaded, the front panel LOAD pushbutton is pressed 
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and the machine goes through the load sequence de- 
scribed above. Pressing the front panel ON LINE 
pushbutton now places the transport on line, prepar- 
ing the transport to respond to interface commands 
as soon as they are available. When the transport 
is selected by a SLT true command from the tnter- 
face, the Interface Control board's gates are enabled, 
allowing the transport to accept Interface commands 
and return transport status signals to the interface. 


Interlocks ensure that the transport writes data on 
tape only when the tape is properly loaded, the reel 
has a write enable ring, and the tape is moving for- 
ward at normal running speed. When SET WRITE 
STATUS from the interface goes true under these 
conditions, WRITE READY true 18 supplied to the 
Sensor Amplifier/Driver module. Here it turns on 
the write and erase head current drivers and {llum- 
{nates the WRITE indicator onthe front panel. WRITE 
READY and SELECT1 (combining ON LINE true and 
SELECT true) are also supplied to the data electronics 
card cage where they enable the write and read am- 
plifier stages. With WRITE READY true, the inter- 
face supplies the properly formatted data to be written 
on tape. 


3.4 READ OPERATION 


When the tapeig properly loaded, not rewinding, and 
WRITE READY Is false, a read operation is selected 
and the Sensor Amplifier/ Driver module illuminates 
the front panel READ indicator. The read pream- 
plifier and amplifier are now enabled to generate 
read Signals back to the interface. 


3.5 TEST PANEL 


The test panel is standard equipment itn the Model 
9100. Located next to the control pane’, it {s used 
to perform tests and adjustments on the tape trans- 
port while it is off line. This eliminates the need 
for many external test fixtures as well as saving 
valuable computer time. 


The panel becomes operational only when the trans- 
port is off line, and the test panel STOP pushbutton 
is pressed. If these conditions are satisfied the test 
panel pushbuttons are enabled when the ‘'EST MODE 
pushbutton is pressed. (The function of each test 
panel control and indicator is provided in Figure 4-2 
of the maintenance section. ) 


Basically, the test panel is used for muking ekew, 
Speed, ramp time, and servo system adjustments. 
Besides providing complete control over tape speed 
and direction, it caninitiatea writetest by generating 
acrystal controlled all-1 test pattern on the tape. 


The test panel also contains indicator lamps which 
illuminate when there {s excessive skew, high density 
is selected, end of tape or load point is reached, or 
awrite test {8 being performed. (The skew test indi- 
cutes proper alignment of the read/write head. ) 


The test panel also contains a CYCLE pushbutton, 
which runs the tape forward and reverse continuously 
for making ramp time and reel servo adjustments, 


The logic circuitry required to translate test panel 
coinmands into tape transport commands {s located 
on the Pushbutton Control card, The skew detect 
network for making skew tests is located on the Dual 
Density Control contained in the data section of the 
card cage. 


3.6 TAPE TRANSPORT CONTROL ADJUSTMENTS 


The Kennedy tape transport requires few adjustments. 
These are preset at the factory and should not be 
changed unless there {s strong reason to believe ad- 
justment is required. The following adjustments 
are made on the control logic modules: 


Adjustment 


Normal running speed 
Ramp-up time 
Ramp-down time 

End of tape/beginning 
of tape 


Location 
R14, Ramp Generator 
R3, Ramp Generator 
R4, Ramp Generator 
R16, Sensor/Amplifter 
Driver 


The adjustment procedures are outlined in the main- 
tenance section of the manual and in the circuit de- 
scriptions of the individual schematics, 


3.7 SERVO SYSTEM 
3.7.1 INTRODUCTION 


The transport servo system advances the tape past 
the tape heads at a precisely controlled speed while 
maintaining a constant tape tension. The servo sec- 
tion is composed of three basic blocks: the takeup 
and supply vacuum sensors, takeup and supply reel 
servos, and the capstan motor servo, 


3e762 VACUUM SENSORS AND REEL SERVOS 


When the machine is running forward normally, tape 
loops form approximately half way up the takeup and 
supply vacuum columne. (This position will vary 
depending on tape direction and speed. However, 
tape loop position should not fluctuate once estub- 
lished in any given mode.) Two Specially desiyned 
tape Sensors are positioned behind the tape luops to 
maintain the tape loop position while the tave ts tn 
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motion. These sensors are variable capacitors. 
Each cgepacitor consists of a plated PC board covered 
with flexible, metallized mylar. The edges of the 
board are 6/1000 inch thicker than the copper center, 
forming a long groove (see Figure 3-2). Several 
holes are drilled through the board, The grooved 
area {8 covered with metallized plastic, mylar side 
down to form a dielectric. Wires are connected to 
the metallized covering and the copper plate to form 
a capacitor. The sensor {8 then mounted to a hollow 
metal chamber to form the base of the column, 


When the Model 9100 {s turned on and forward mode 
is selected, the vacuum pump attached to the back of 
the vacuum chamber draws the tape upward into the 
tape chamber (see Figure3-3), A high vacuum exists 
above the tape in the enclosed portion of the chamber. 
No vacuum exists at the open end of the tape cham- 
ber. A partial vacuum {8 present in the vacuum 
chamber behind the tape sensor, 


Since there are holes drilled in the sensor, the dif- 
ference in pressure thus created presses the metal- 
lized mylar covering against the copper plate over 
the area below the tape loop. Thus the capacitance 


of the sensor changes as the tape loop moves in the 
column, 
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Figure 3-2. Vacuum Sensor Assembly 
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Figure 3-3. Vacuum Sensor Operation: 
Cross Section View 


The tape loop sensors are connected to anoscillator 
as the frequency control element. Any capacitance 
increase caused by the tape loop moving up the column 
decreases the output frequency of the oscillator and 
vice versa. This output frequency is integrated and 
filtered, and dc zeroed in to develop a dc motor con- 
trol voltage. Thus the torque of the reel motors is 
controlled to centralize the tape loops within the vac- 
uum columns during operation, 


3.7.3 CAPSTAN SERVO AMPLIFIER 


A RUN NORMAL, RUN FAST, or REVERSE signal 
from the Ramp Generator is decoded and then sup- 
plied to the Capstan Servo Amplifier on the Type 
6666 Servo board. This capstan servo can be dis- 
abled by SERVO DISABLE true from the Sequence 
Control. Motor speed is kept constant by feedback 
from a tachometer mounted to the capstan motor. 
This feedback is compared to the Ramp Generator 
input. Any difference voltage caused by motor speed 
deviation is amplified to developa corrective voltage 
for returning the motor to proper speed. A sampling 
of tachometer output is also directed to the Sequence 
Control. 
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3.7.4 SERVO SYSTEM ADJUSTMENTS 


These adjustments are preset inthe factory and should 
not be changed unless there is strong reason to believe 
adjustment is required. Adjustment procedures are 
outlined in the maintenance section of the manual 
and in the circuit description of the servo system 
achematic. | 


Adjustment: R4, R64 Frequency Controls 

Function: varies basic frequency of oscillators to 
control speed of reel motors 

Location: Type 6666 Servo Preamplifier 


Adjustment: R17, R65 Gain Potentiometers 

Function: eliminates tape loop overshoot when tape 
direction is changed 

Location: Type 6666 Servo Preamplifiera 


Adjustment: R115 Capstan Servo Zero 

Function: eliminates capstan creep when tape {s 
stopped 

Location: Type 6666 Servo Preamplifter 


3.8 DATA SECTION 
3.8.1 INTRODUCTION 


The data section includes read/write amplifiers and 
interface cards containing output drivers and timing 
controls. Block diagrams are shown in Figures 3-4 
and 3-5, 


The data section consists of seven circuit cards that 
plug into the data masterboard. These includea Dual 
Density Control, a Dual P Channel/Clipping Control, 
a pair of QuadRead Amplifier modules, a Four Chan- 
nel Write Amplifier card, a Five Channel Write Am- 
plifier card, and a Data Terminator card. 


3.8,2 WRITE ELECTRONICS (Figure 3-4) 


A write amplifier channel is provided for each tape 
channel, Four of these channels and the circuitry 
typical of all write amplifiers are contained on Type 
4366 Write Amplifier. The five remaining write am- 
plifier stages are located on Type 4368 Write Ampli- 
fier. These cards plug into the masterboard, from 
which the necessary head connections are inade. 
(Two of the channels on the Type 4366 Write Ampli- 
fier are not used in seven-track oper tion. ) 


Each write amplifier channel consists of an input 
buffer, a digitally adjustable deskewing circuit, a 
clocked flip-flop, and a write head driver. ‘Theskew 
characteristics of each read/write head are tested 
at the factory and the write amplifier switches are 
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Figure 3-4. Write Data Section 


set to compensate for the skew, using channel P as 
the fixed reference channel. (Normally the write 
deskew switch settings should never be changed. 
When a new head is installed the factory furnishes a 
label displaying the new deskew switch settings re- 
quired to compensate for the characteristics of the 
new head. ) 


The write electronics section also includes the write 
data strobe buffer which clocks the write amplifier 
flip-flops, and awriteamplifier reset circuit to clear 
all write amplifier flip-flops. The write amplifier 
reset is used to write the longitudinal redundancy 
check character. During awrite test mode, initiated 
by the test panel with the recorder off line, the write 
electronics generates an all-1 test pattern on tape 
derived from a crystal controlled reference frequency 
F,, supplied from the module inthe read clectronics. 
The test pattern can be used to test write deskewing 
a8 weil as other functions of the data electronics, 


3.8.3 READ ELECTRONICS (Figure 3-5) 


The function of the read electronics is to convert the 
data recovered from the tape into digitized wave 
forms, deskew, and supply it to the interface with 
its respective read clock. The read electronics also 


detect the interrecord gap and excessive skew. The 
components compiising the read section include the 
magnetic read head, the Read Preamplifier module, 
Read Amplifier/Clipping Control module, and a pair 
of Quad Read Amplifier modules. Figure 3-5 isa 
functional block diagram of the read section, showing 
the general signal flow betweenthecards. Adetatled 
circuit description of each circuit card accompanies 
the schematic of the card. 


Low level analog signals on the order of tens of milli- 
volts are supplied from the read head to the Read 
Preamplifier module, They are linearly amplified to 
an output voltage (adjusted by a potentiometer for 
each read preamplifier stage) of approximately 8 
volts peak to peak during 800 cpi NRZ1 read opera- 
tion. The amplified analog signals are then supplied 
to the nine read amplifier stages, eight of which are 
located on the Quad Read Amplifiers. (Channel P is 
directed to the Read Amplifier/Clipping Control mod- 
ule.) Each read amplifier stage includes a peak de- 
tection circuit, a filtering network, an output data 
register, and a pulse generator. 


The analog signals from the preamplifier are detected 
only when they exceed the positive or negative clip- 
ping levels provided by the Dual P Caannel/Clipping 
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Figure 3-5. Read Data Section 


3-8 


Control module. They are then rectified and peak 
detected, with the resulting digitized wave forms 
containing negative-going transitions corresponding 
to the peaks of the input analog signals, e.g., one 
bits in the NRZ1 code. The digitized wave forms 
are supplied to a filtering network which eliminates 
spurious pulses between transitions. The data of 
each channel is then stored in a register which gen- 
erates DATA IN REGISTER to the Dual Density Con- 
trol, 


The Dual Density Control card supplies a READ 
CLOCK output to clock the data registers of all nine 
channels simultaneously, supplying the data charac- 
ter to the interface. 


When an error is detected, and the transport is com- 
manded by the interface to reread a block, the read 
amplifier clipping levels are switched automatically 
by the Dual P Channel/Clipping Control module to 
maximize the recoverability of marginally recorded 
data. First the clipping levels are lowered to recover 
possible partial dropouts. If the block is still in 
error, the clipping levels are switched to higher 
levels to eliminate possible baseline spikes. 


the Dual Density Control module contains circuitry 
common to all nine channels, It generates the read 
clock and detects excessive skew, 48 well as detect- 
ing the interrecord gap and providing the interlocks 
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necessary for 800 or 1600 cpi density selection, The 
Dual Density Control alao supplies reference fre- 
quencies to the Write Amplifier modules in order to 
generate the write test pattern. 


In the phase encoded mode, the unalog signal with 
its two main frequency components is amplified, 
peak detected, and digitized, Threshold detection 
for PE mode is identical to NRZ1 threshold detec- 
tion, except for the absence of RCLK and RGAP out- 
puts to the interface. The output of each channel 
represents its respective flux change. 


3.9 DATA SECTION ADJUSTMENTS 


The following adjustments are made in the data elec- 
tronics section: 


Adjustment Locatton 
Read preamplifier amplitude Type 5728 Read 
Preamplifier 


Read/write head, 
write amplifiers 


Skew alignment 


The adjustments are preset at the factory and should 
not be changed unless there {s strong reason to believe 
that readjustment is required. The adjustment pro- 
cedures are described inthe circuit description of the 
Read Preamplifier and Write Amplifier schematics. 
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MAINTENANCE INSTRUCTIONS 


4.1 GENERAL 


Kennedy Company tape transports are highly reliable 
precision instruments which will provide years of 
trouble-free performance when properly maintained. 
A planned program of routine inspection and 
maintenance is essential for optimum performance 
and reliability. The units require very few 
adjustments and these should not be performed unless 
there is strong reason to believe they are required. 
All electrical adjustments are preset at the factory 
and should not require readjustment except after long 
periods of time. 


4.2 PREVENTIVE MAINTENANCE 


To assure continuing trouble-free operation a 
preventive maintenance schedule should be kept. The 
items involved are few and simple but very important 
to proper tape transport operation. The frequency of 
performance’ will vary somewhat with the 
environment and degree of use of the transport so a 
rigid schedule applying to all machines is diffieul vo 
define. The recommended periods below upply to 
units in constant operation in ordinary environments. 
They should be modified if experience shows other 
periods are more suitable. 


4.2.1 DAILY CHECK 


Visually eheeck the machine for cleanliness and 
obvious misadjustment. If items in the tape path 
show evidence of dirt or oxide seeumulation, clean 
thoroughly. 


4.2.2 CLEANING 


All items in the tape path must be kept serupulously 
clean. This is particularly true of the head and 
guides. The inside of the dust cover must not be 
allowed to uccumulate dirt since transfer to the tape 
Will cause malfunetion. 


In cleaning it is important to be thorough yet gentle 
and to avold certain dangerous practices. 


4.2.2.1 Head Cleaning 


Oxide or dirt accumulations on the head surfaees are 
removed using a mild orgenie solvent and a swab. Q 
tips are convenient for this use but must be used with 
caution. Be sure the wooden portion docs not contuct 
head surfaces, 


An ideal solvent is led.) triehlorotheane contated im 
Kennedy K21 maintenance kit. However, otter. suet 


us isopropyl alcohol will do. DO NOT USE: acetone 
or lacquer thinner, aerosol spray cans, or rubbing 
alcohol. 


Do not use an excess of any solvent, and be extremely 
careful not to allow solvent to penetrate ball bearings 
of idler rollers, capstan motor, ete., sinee it will 
destroy their lubrication. 


4.2.2.2 Taupe Path Cleanin 


CAUTION 


Do not attempt to clean the mylar sensors in columns 
or allow solvent to contact the clement. Dirt and 
oxide will not impede the sensor operation. 


Other items in the tape path should be cleaned at the 
saine time us the magnetic head. These inelude 
columns, idler rollers, tape guides, capstan, and tape 
Cleaner surface. 


The techniques are similar to those outlined above for 
head cleaning. 
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Figure 4-1. Opening of Head Shield 


4.2.2.3 Other Cleaning 


A vacuum cleaner is recommended for removing 
accumulations of dust inside the dust cover or 
elsewhere in the unit. Compressed alr may be used if 
caution Is exercised to avoid blowing dirt into 
bearings. Antistatic cleaners are available for 
Cleaning the plexiglass dust cover window. 


4.2.3 VISUAL CHECK 


Check visually to determine if all appears to be right 
with the machine. It is helpful to run tape forward 
and reverse observing smooth tape motion, proper 
vacuum operation, etc. 


4,3 ROUTINE ADJUSTMENT © 


There are no routine adjustments. Need for 
adjustment will be manifest if malfunction occurs. 
Under normal circumstances adjustment will be more 
likely to cause trouble than prevent it. 


4.4 LUBRICATION 


No bearing lubrication is required. All bearings are 
lubricated for life and introduction of oil may destroy 
their lubrication. 


4.5 WEAR 


Magnetic tape is an abrasive and in time wear will be 
noted on items over which the oxide surface slides. 


4.6.1 HEAD WEAR 


Head wear is generally signaled by an increase in 
error rate. Confirmation is a sizable increase in 
output voltage at the read head as measured at the 
read preamplifier. When the head becomes worn it 
must be replaced. Head replacement procedure is 
described in paragraph 4.24.5. 


Worn heads usually can be resurfaced at least once if 
returned to the factory. This is more economical 
than replacement with a new head. Consult Section V 
for details of head return. 


4.5.2 GUIDE WEAR 


Guides wear principally at the point of contact with 
the front guide surface. Although guides are 
ceramic, in time grooves will appear. Sinee guides 
are symmetrical it is only necessary to loosen the 
guide mounting screw, rotate the guide, and tighten 
to present an unworn surface to the tape. 
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4.5.3 REEL HUB WEAR 


Quick release hubs are adjustable to assure a firm 
clamping action. They are designed to make it 
impossible to mount a reel in @ wrong or cocked 
position. If the locking action should become weak, 
the hub may be adjusted as described in paragraph 
4.8. O-ring clamps used in the hub may tend to hang 
up after long periuds of use. This can be corrected as 
follows: 


a. Remove O-ring from hub. 
b. Clean thoroughly with mild solvent. . 


c. Lubricate ring with silicone grease. Wipe off 
as thoroughly as possible, leaving a light 
lubricating film. 


d. Snap O-ring back in place. 


4.6 PERIODIC INSPECTION 


At regular intervals, approximately every two 
months, it is advisable to make a more thorough 
check of machine operating parameters. This will 
ensure that no progressive degradation will go 
unnoticed. The test panel facilitates making these 
checks, allowing control of tape motion off line for 
test purposes as well as providing useful indicators 
and test signals. The test panel connector plugs Into 
a connector on the control electronics. It does not 
require that interface cables be disconnected. Using 
the test panel or other appropriate means, the 
following should be checked periodically. 


Tape speed 

Ramp times 

Read level 

Skew 

Photosensor adjustment 

Capstan and reel servo adjustment 


Procedures for checking these and other items are 
given in this section and a suggested sequence of 
Adjustments is shown in Table 4-1. — 


4.7 TEST PANEL USE 
4.7.1 TEST PANEL USE 


The test panel is standard equipment in the Model 
Yi00. Located next to the contro! panel, it is used to 
perform tests and adjustments on the tape transport 
while it is off line. This eliminates the need for many 
external test fixtures as well as saving valuable 
computer time. 


The funetion of each test panel control and indicator 
is provided in Figure 4-2. 


Busically, the test panel is used for making skew, 
rump time und servo adjustments. Besides providing 


UNKNOWN MACHINE 


(parts assumed good) 


HUB O RING 
ADJUSTMENT 
Paragraph 4,8 


TAPE PATH 
MECHANICAL ALIGNMENT 
Paragraphs 4.9.1, 4.9.2 


POWER ON 
CHECK SUPPLY VOLTAGES 
Paragraph 4,10 


REEL SERVO 
ADJUSTMENT 
Paragraph 4.11 


VACUUM SWITCH/ 
VACUUM COLUMN 
ADJUSTMENTS 
Paragraphs 4,12, 4.13 


CA PSTAN SERVO 
ZERO ADJUSTMENT 
Paragraph 4.14 


PHO TOSENSON 
ADJUSTMENT 
Paragraph 4,15 


Table 4-17. 
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TAPE SPEED 
ADJUSTMENT 
Paragraph 4,16 


RAMP TIME 
ADJUSTMENT 


Paragraph 4.17 


REWIND SPEED 
ADJUSTMENT 
Paragraph 4,18 


READ LEVEL 
ADJUSTMENT 
Paragraph 4.19 


SKEW ADJUSTMENTS 
Paragraph 4,20 


READ SKEW 
ADJUSTMENT 
Paragraph 4.20.1 


WRITE SKEW 
ADJUSTMENT 
Paragraph 4.20.2 


HEAD FACE SHIELD 
ADJUSTMENTS 
Paragraph 4,21 


Adjustment Sequence 
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NOTE 


Tape transport must be off line and STOP pushbutton 
depressed before test panel can become functional. 


TEST point and SKEW indicator. Indicator lights if tape skew exceeds the appropriate skew 
(read or write) gate setting. An oscilloscope test point is avatlable for monitoring skew gate 
timing, 


HDS indicator. Indicates that high density mode has been Selected, 


EOT indicator, Indicates when tape has reached or passed end of tape, 


LOAD POINT indicator. Indicates when tape is at load point. 


CYCLE pushbutton. An interlocked pushbutton which runs tape in alternating forward and 
reverse modes, Useful for making ramp or vacuum sensor adjustments. Depressing STOP 
pushbutton terminates this operation. 


FAST FORWARD pushbutton. An interlocked pushbutton switch that allows tape unit to run 
forward at fast speed. Depressing STOP pushbutton or EOT marker terminates this operation. 


REVERSE RUN pushbutton. An interlocked pushbutton switch that allows tape unit to run tn 
reverse at normal speed. Depressing STOP pushbutton or load potnt marker terminates this 
operation. 


FORWARD RUN pushbutton, An interlocked pushbutton switch that allows tape unit to proceed 
forward at normal speed. Nepressing STOP pushbutton or EOT marker terminates this oper- 
ation. 


STOP pushbutton. aAn interlocked pushbutton switch that terminates all tape motion. 


WRITE TEST pushbutton and Indicator. A momentary pushbutton which programs 1's to be 
written on all channels to facilitate write skew adjustment. WRITE TEST rematns active in 
FORWARD RUN mode only. (STOP pushbutton must be depressed and TEST MODE selected 
to actuate this feature.) The indicator remains illuminated while unit {s in this mode. 


TEST MODE pushbutton and indicator. A momentary pushbutton selects test mode and acti- 
vates test panel. When indicator is illuminated, test panel {s active. (Tape unit must be off 
line and STOP pushbutton depressed before test panel will function. ) 


Figure 4-2. Test Panel Controls and Indicators 
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complete control over tape speed and direction, it 
can initiate a write test by gencrating a crystal 
controlled all-1 test pattern on the tape. The test 
panel also contains indicator lamps which illuminate 
when there is excessive skew, high density is 
selected, end of tape or load point is reached, or & 
write test is being performed. (The skew test 
indicates proper ulignment of the read/write head.) 


The test panel contains a CYCLE pushbutton. When 
pressed, it runs the tape forward and reverse 
continusously to facilitate ramp time and reel servo 
adjustments. 


4.7.2 OPERATION 


Pressing the TEST MODE pushbutton activates the 
test panel if the Model 9100 is off line with the STOP 
pushbutton on the control panel depressed. The test 
panel is turned off by either pressing the TEST MODE 
pushbutton to release It or by pressing the ON LINE 
pushbutton on the control panel. 


4.8 HUB O RING ADJUSTMENT (FIG. 4-3.) 
Object: to lock tape reel firmly to the hub. 
If the tape reel is loose with hub locked, check the 
condition of the neoprene O-ring. This O-ring 


expands when the locking latch is depressed to secure 
reel to hub. 


MOTOR MOUNTING SCREW | 


HUB (INNER) 


HUB LATCH 
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Figure 4-3. 
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If the O-ring is not worn, but the reel won't 
seat firmly: 


Loosen hub setserew until the inner hub turns 
freely. 


With hub latch up, rotate inner hub clockwise 
while restraining the outer hub. This will 
exert more pressure on the O-ring when the 
lateh is depressed. 


Place reel on hub and lock lutech to determine 
whether more or less tightening is required. 


NOTE 
There are several holes in the bottom of the 
outer hub to xcecommodate the hub setsecrew. 
Therefore, after adjustent is correct, the hub 


Inust be turned slightly until the setserew fits 
into one of these holes. 


After the correct setting is found, retighten 
the hub setscrew. 


If O-ring requires replacement: 
Loosen setscrew until inner hub turns freely. 


Unserew inner hub from hub assembly. 
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Hub O-Ring Adjustment 


c. Replace worn O-ring with new O-ring 
(Kennedy PN  125-0030-006). Prior to 
Installation the new O-ring should be 
lubricated with silicone grease and wiped, 
leaving a light lubricating film. 


d. Replace inner hub and readjust O-ring pressure 
according to paragraph 4.8.1. 


4.9 TAPE PATH MECHANICAL ALIGNMENT 


4.9.1 REEL CLEARANCE ADJUSTMENT/ 
HUB REPLACEMENT (Figures 4-3, 4-4) 


Object: To maintain the proper tape path across the 
top of the hub reel mounting flange and the unpainted 
area on the deck plate (see Figure 4-3). This 
measurement should be made with a vernier caliper. 
A special shim kit, Kennedy PN 198-010U-001) is 
available for spacing the hub assembly properly. 


Procedure: 
_a. Loosen hub setserew and unscrew inner hub. 


b. Insert special spanner wrench (Kennedy PN 
154-0042-001) into setscrew holes to stabilize 
hub. Then remove the hub mounting nut with a 
socket wrench. Slide remaining portion of the 
hub assembly off the motor shaft. 


ec. Add or remove shims as required to obtain 
0.328 inch distance from reel flunge to the 
unpainted portion of the deck plate. 


d. Reassemble hub assembly. Tighten nut to 
20 +/-5 in./lb torque. 
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Figure 4-4. Reel Hub Assembly 
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4.9.2 CAPSTAN PARALLELISM 


The tape should not travel laterally (ride in or out) on 
the capstan in the forward or reverse mode. To 
check, observe the tape on the capstan while the 
machine is in CYCLE mode. 


Adjustment Procedure 


Object: to eliminate any lateral tape movement on 
the capstan during operation. 


u. With tape stopped, loosen capstan serews (see 
Figure 4-5). 


b. Back off both capstan adjustment setserews 
until they no longer touch the capstan motor 
mounting plate. 


c. Retighten both capstan adjustment setscrews 
until they press lightly against the capstan 
motor mounting plate. 


d. Place machine in CYCLE test mode. Observe 
tape position on the capstan. If tape moves 
OUTWARD, tighten both adjustment screws 
equally until OUTWARD leteral movement 
ceases. If tape moves INWARD, loosen both 
adjustment screws equally until inward lateral 
movement ceases. 

e. Retighten capstan setscrews and recheck, If 
lateral tape movement has been eliminated, 
adjustment is complete. Otherwise, repeat 
adjustment procedire. 


CAPSTAN SCREW 


CAPSTAN 


CAPSTAN ADWSTMENT SCREW 119-0106 


Figure 4-5. Capsten Parallelism 
Adjustment 


4.40 CHECKING SUPPLY VOLTAGES 


Here Is a list of supply voliages and their test points 
in the Model 9100. 


+24v - case of Q27, Q28. Q31, Q32, Q35 (MJ802), 
heatsink (+26v under light load) 


-24v - case of Q29, Q30, Q39, Q34, Q3IG (MJ4502), 
heatsink (-26v under light load) 


+10v (+0.5,-0.2v) Sensor Amplifier/Driver, 
test point A 


-10v (+/-0.8) Sensor Amplifier/Driver, 
test point B 


+5v (+/-0.25) Sensor Amplifier/Driver, 
test point C 


NOTE 


(1) Use chassis ground when making voltage 
measurements. 


(2) Make certain power is switched OFF when 
removing or replacing circuit boards. 


If the voltages are not correct, the trouble is either 
in the power supply or due to an overload on the 
power supply. Removing each circuit board while 
monitoring supply voltage can help isolate the cause 
of any overload. Also, be sure to check the power 
supply for burned, open, or shorted components. The 
power supply is protected against short circuits in its 
regulated voltage circuitry. 


4.11 REEL SERVO ADJUSTMENT 


4.11.1 CENTERING ADJUSTMENT 
(R10, Supply Servo; R69, Takeup Servo) 


Object: to center tape in both vacuum columns when 
tupe is stopped. 


NOTE 


Tape loops must be in both vacuum columns during 
adjustment. . 


Procedure: 
a. Load tape and advance it to load point. 


b. Adjust R10 on the servo preamp until tape loop 
is center in the supply vacuum column. (Note: 
While adjusting, make certain tape loops 
remain within both vacuum columns.) 


ec. Repeat steps a and b to adjust R69, the takeup 
servo zcro adjustment. When completed, both 
reels should be stationary, with the tape 
centered in both vacuum coltimns. 
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4.11.2 GAIN ADJUSTMENTS 
(R24, Supply; R83, Takeup) 


Object: to eliminate any overshoot of the tape loop 
In the vacuum column when tape changes direction. 


Procedure: 


a. Connect a zero-centered voltmeter to test 
point A on the Servo Preamplifier board. Use 
chassis ground. 


b. Turn power on; advance tape to load point. 


ce. Rotate supply reel to permit tape to rise to 
top of the supply vacuum column. Voltage at 
test point A should be approximately +2 vde. 


d. Rotate supply reel to pull tape almost out of 
the supply vacuum column. Voltage at test 
point A should be nominally -2 vde. 


e. Press TEST MODE and CYCLE pushbuttons on 
test panel. Tape will continuously alternate 
between forward and reverse. Check for 
overshoot when the tape loop changes position 
as the tape changes direction. If overshoot 
occurs, adjust R24 until it is eliminated. 


' f. Repeat steps b, c, and d to check and adjust 
R83, the takeup reel servo gain control. 


4.12 VACUUM SWITCH 


The vacuuin switch is located in the rear of the deck 
assembly in the upper right hand corner on the 
column plenum cover. This switch is a safety device 
to prevent possible tape breakage. It will operate to 
shut off the tape transport whenever the vacuum 
pressure within either vacuum column drops below a 
predetermined level. The objective of adjustment is 
to determine and set the pressure level at which the 
vacuum switch will actuate. 


Equipment required: Kennedy Vacuum Test Box, 
Kennedy Part No. 154-0041-001 or equivalent. 


u. Connect vacuum gauge and ohmmeter to the 
vacuum switch as shown In Figure 4-6. To do 
this, one end of the vacuum switch hose must 
be detached and connected to the vacuum test 
box "T" fitting. Then the hose on the opposite 
end of the "T" fitting is attached to the 
vacated hose fitting on the vacuum switch. | 
Also, detach the green/white (+) wire fromm its 
terminal on the vacuum switch. Connect it to 
chassis ground prior to attaching the 
ohmmeter to the positive terminal on the 
vacuum switch. 


b. With machine on and a tape at load point, 
cover the bleed hole (see Figure 4-6). Tiris 
gives maximum vacuum pressure, whieh should 
meusure between 17 and 21 inches of water at 
seu level, or 15 to 19 inches of water at 4000 
feet altitude. 


SWITCH 
TERMINAL 


VACUUM SWITCH & 
MANIFOLD (BEHIND) 


110-0108 


Figure 4-6. Vacuum Switch Adjustment 


c. Uncover bleed hole. Adjust bleed adjustment 
screw until switch closes. (Ohmmeter will 
indicate 0 ohm). Pressure should be between 


10 inches and 14 inches of water. 


Tighten bleed adjustment screw to obtain 
pressure reading which is 4 inches higher than 
pressure obtained in step c. Adjustment is 
complete. 


4.13 VACUUM COLUMN ADJUSTMENT 


Equipment required: Kennedy Vacuum Test Box, 
Kennedy Part No. 154-0041-001 or equivalent. 


Objective: to develop one-half to two-thirds of 
vacuum present at the vacuum sensor. This 
adjustment should follow, not precede,the vacuum 
switch adjustment. 


Using an Allen wrench, unserew the 6/32 Allen 
screw from the left hand side of the supply 
vacuum column. Install the threaded vacuum 
hose fitting and vacuum guage in the monitor 
serew hole (see Figure 4-7). 


b. With the machine turned on and a tape at load 
point, measure the vacuum. (Tape loops must 
be present in both vacuum columns to obtain 
accurate readings). Vacuum should be one-half 
to two-thirds of the final measurement 
obtained in step b of the vacuum = switeh 
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VACUUM COLUMN 
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Figure 4-7. Vacuum Column Adjustment 


adjustment. (At sea level, pressure should 
meusure between 10 Inches and 14 inches of 
water. At 4000 feet, pressure should measure 
between 9 inches and 12.5 inches of water.) 


lf a correct vacuum reading is not obtained, 
adjust the appropriate vacuum column 
adjustment screw shown in Figure 4-7 as 
required. 


d. Detach the vacuum test box and replace the 
monitor screw. Repeat adjustment procedure 
on the tukeup vacuum column. 


4.14 CAPSTAN ZERO ADJUSTMENT 


The capstan should not move when the tape is 
Stopped. A zero adjustment is provided on the servo 
preamplifier to remove the effeets of component 
tolerances. 


Procedure: 


a. If capstan rotates slowly when tape is stopped, 
grasp capstan with tape loaded and turn first 
clockwise, then counterclockwise. Capstan 
will show a reluctance to turn. If turned 
gently a small dead zone ean be detected. 
This dead zone should be approximately the 
same for either direction of motion. — If 
adjustment is required, conneet a voltmeter or 
scope probe to test point D of the servo 
module. 


b. Advance tape to load point. 


ec. Rotate zero adjust pot R139 to bring measured 
voltage to zero. 


4.15 PHOTOSENSOR ADJUSTMENT 


Cadmium sulfide photoresistive cells ure used to 
detect load point and end of tape. Since their sensi- 
tivity varies with time, zeru adjustment R16 on the 
sensor amplifier driver has been provided. If load 
point or end of tape is not signaled by the sensors and 
they are clean, adjustment is required. 


Procedure: 


a. Verify that both lamps at photosensor are 
illuminated. 


b. Connect a de voltmeter from test point E to 
test point F on the Sensor/Amplifier Driver 
module. 


NOTE 


These points are both off ground. If a scope is 
used instead of a voltmeter it must be isolated 
from ground or the two inputs added with one 
channel inverted. 


ec. Adjust potentiometer R16 for 0 volt between 
test points E and F. 


4.16 TAPE SPEED ADJUSTMENT 


Normal tape speed is controlled by R14 on the ramp 
generator. This control is set at the factory and 
normally will not require adjustment. There are two 
methods for checking speed. 


Strobe disk method 


a. Mount strobe disk on the capstan (Kennedy PN 
291-5572-001, -69 Hz type; 291-5572-002, -50 
Hz type). Position a fluorescent light a few 
feet from the capstan. 


b. With taupe running at normal speed, adjust R14 
on ramp generator for a steady strobe disk 
pattern if necessary. If R14 must be adjusted, 
check read preamplifier gain settings 
(paragraph 4.19). 


Skewmaster Tape Method 


a. Mount skewmaster tape on machine as 
described in read skew adjustment. 


b. Observe waveform at one preamplifier test 
point. 


ec. Set the time for one complete sine wave cycle 
(two bits) at a value determined by 
a5 


Pe TNS Ue Seed ips) 


4-9 


406-9100-900C 


by adjusting R14. Note that the waveform will 
not be entirely stationary on the scope owing 
to small rapid speed variations. These should 
be visually averaged. 


d. If speed adjustment was made check read 
preamp guin settings (paragraph 4.19). 


4.17 START/STOP RAMP TIME ADJUSTMENT 


To assure accurate tape gap generation, tape must 
linearly accelerate to normal running speed and 
linearly decelerate to stop. The start and stop ramp 
voltages required for this linear movement are 
controlled by ramp generator potentiometers R3 and 
R4, respectively. Ramp timing is the same for both 
forward and reverse modes. 


To adjust start and stop ramp timing: 
Procedure 


a. Connect channel 1 of oscilloscope to output of 
the Ramp Generator board at test point A. 


b. Connect oscilloscope's external trigger Input 
to pin C (SFC/) of the Interface PC board, 
using an extender board. 


c. From computer or tape transport exerciser 
issue a series of Synehronous Forward 
Commands (SFC/) to the transport. Each SFC/ 
transition should last approximately two ramp 
times. (Compute ramp time Tr formula below, 
then multiply results by two.) Tr is measured 
in milliseconds and its tolerance equals +0%, 
-5%, where: 


(mete - __ 379 
Tr (-5% +0%) = tupe speed 


—— Ir 
(973 Vo) 


Tde3t%Vo 


—— 0 YO ———————_—_——_— ] ———____— 
a <10 Tr — 
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‘NOTES 


1. Tr equals 97% of the total ramp voltage, 
Vo. 


2. Ramp voltage should be at ground at 
beginning of ramp. 


TdeJ3 v0 


d. To adjust start ramp, syne oscilloscope on 
leading edge of SFC/ input signal and observe 
waveform. 


e. Compare values from use of formula with 
those read from oscilloscope presentation. 


f. Adjust R3 to obtain correct start ramp. Use a 
nonmetallic adjustment tool. 


g. After start ramp adjustment, make certain Td, 
which is defined us 3% of samp voltage Vo, is 
less than 10% of ramp time Tr. 

h. Perform steps d through g to adjust stop ramp 
time. Adjust R4 and syne oscilloscope on 
trailing edge of SFC/. 

i. After start ramp adjustment, make certain Td 
is less than 10% of ramp time Tr. Adjustment 
is complete. 

4.18 REWIND SPEED 

Rewind speed is not adjustable. It is determined by 
fixed values on the Ramp Generator card. 

4.19 READ LEVEL ADJUSTMENT 

This adjustment sets gain of the Read Preamplifiers 
to the correct level. Too much gain will introduce 


noise and too little will aggravate dropouts. 


a. Load a reel of scratch tape on the transport, 
write enable ring in place. 


b. Select TEST MODE. 
ec. Select WRITE TEST, FORWARD RUN. 


d. Observe waveforms at test point for each 
channel on Read Preamplifier. 


| i SKtwW t 


SPEPUCTES?) 
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skew Adjustment Waveforms 
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e. Measure peak-to-peak amplitude and set for 8 
+/-0.5 volts using channel gain control on Read 
Preamplifier. Repeat for each channel. Note 
that the read level is ubout 10 percent higher 
when the machine is operating in read-after- 
write mode than when in the read mode. This 
effect is cuused by small unavoidable magnetic 
remanence in the write head and the erase 
head. Skewmaster tapes should NOT be used 
as amplitude reference for this reason. 


4.20 SKEW ADJUSTMENT 


Skew is one of the most important parameters in 
reading NRZ1 data. Since, in a read-after-write 
head, data is read with one gap and written with a 
second gap, read and write skews are in general 
different and must be compensated separately. Only 
when both are properly set can the machine be said to 
be deskewed. In the Model 9100 the read gap is 
deskewed mechanically while digitally controlled 
delays are used to deskew the write gap. 


4.20.1 READ SKEW ADJUSTMENT 


When deskewing the read gap, the head is 
mechanically tilted to have its gap at an exact right 
angle to the tape. This is accomplished using a 


skewmaster tape (see maintenance tools). 


SKEW 
ADJUSTMENT 
ACCESS HOLE SKEW 

ADJUSTMENT 


SCREW 
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Figure 4-8. Head Skew Adjustment 


a. Load skewmaster on transport. Be sure write 


enable ring is missing. 
b. Press TEST MODE button. 
¢, Press FORWARI) RUN. 


d. Observe SWEW indicator and adjust skew 
adjusting serew on the head mounting ‘plate 
(Figure 4-8) until indicator does not come on. 


For greater precision, & scope probe may be 
connected to the TEST terminal on the test panel. At 
this point the pattern will be a grouping of nine pulses 
as each channel "reports in.” At optimum skew 
setting, these pulses occupy the minimum spread. 


4.20.2 WRITE SKEW ADJUSTMENT 


The Model 9100 features a unique digital deskewing 
arrangement for Geskewing the write head. Sinee 
write-reau skew is a function of head geometry and 
does not change, write deskewing delays ure 
determined at the factory and each head has a 
deskewing chart showing the appropriate write 
amplifier deskew switch settings for that head. All 
channels are referenced to the P channel (or C in 
seven-track units). 


If for some reason it is necessary to deskew the write 
head in the field the procedure is as follows: 


a. Proceed as in read level adjustment, paragraph 
4.19. 


b. Connect a dual channel scope channel | to the 
P channel test point on the Read Preamplifier. 
set elternate sweep, trigger channel 1 
internal. 


ec. Connect seope channel 2 to test point for tape 
channel 5 and observe pattern. Set sweep 
speed to display one half sinc wave eyele. 


d. Observe separation of peaks displuyed. Note 
that because of small variations in speed and 
skew the pattern will not be entirely 
stationary. 


e. Set skew switel for channel 5 for minimum 
peak separation. 


f. Repeat for cach of the remaining seven 
channels. 


4.21 HEAD FACE SHIELD ADJUSTMENT 
A shield is loeuted over the magnetic head surfitee to 


reduce write-read crosstalk. Its spacing, determined 
by # spring stop, is important. The spring stop is 
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4. Loosen stop serew with tape removed from 
machine. 


b. Insert three thicknesses of tape (0.006 ineh) 
between shield surfuee and top surface of 
head. Do not use feeler gauges, since they 
may serateh the head surface. 


c. Press shield against tape firmly and tighten 
stop screw. 


d. Remove tape pieces by lifting shield. 
4.22 BLOWER MOTOR BELT TENSION ADJUSTMENT 


Objective: ‘To adjust tension of blower motor belt to 
Hpproximately 1/4 inch (approximately 6 mm) of 
deflection. (See Figure 4-9.) 


Equipment needed: Spring seale (0-1000 gm), 150 mm 
(6 inch) ruler. 


Procedure: 
4. Sectire primary power to unit. 


'b. Remove rear uaeceess cover located above 
primary input power connection. 


c. Using a pencil, mark vertical position of drive 
belt midpoint. 


SEAL 110-0191 
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adjustable as tollows: 


Figure 4-9. Blower Motor Belt Adjustment 
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d. Attach spring scale to drive belt midpoint and 
apply 1000 gm tension. 


e. Again mark vertical position of drive belt 
midpoint. 


f. Using the ruler, measure the distance between 
the two midpoint positions. Measurement 
should be approximately 1/4 inch (6 mm). 


g. If deflection is incorrect,: loosen adjustment 
nuts and move blower to the right to increase 
tension or to the left to decrease tension. 
Retighten nuts and repeat steps c through f. 


h. After adjustment is completed and verified, 
replace access cover. 


4.23 TROUBLESHOOTING 


Troubles that can arise in the Model 9100 can usually 
by classified as either mechanical or electrical but 
often the classification may be confusing because a 
basically mechanical problem can cause what appears 
to be an electronic malfunction and vice versa. In 
any case the problem should be thoroughly analyzed 
before adjustments are made. 


Electronic troubleshooting is greatly facilitated by 
the modular construction: 
substituted and the effect observed. Most difficult, 
of course, are subtle problems and those of an 
intermittent nature. 


Visualizing solution (Magnasee) is useful under certain 
conditions for troubleshooting. At high densities the 
data cannot be satisfactorily resolved but such 
problems as a dead track, improper gap length, etc., 
can be isolated rapidly by its use. 


If a tape has had visualizing solution applied to it DO 
NOT reuse that portion of the tape as it will 


contaminate the head. Cut the visualized portion off 


and discard. 


To use visualizing solution, shake the can thoroughly, 
remove top and pass portion to be visualized through 
the solution. Snap the tape vigorously to remove 


‘'... exeess solution and let dry. Iron powder will be left 


in magnetized areas. This can be picked off using 
Scotch tape and applied to a sheet of paper for 
permanent record. 


4.23.1 HIGH ERROR RATE 


Usually the more difficult problems involve a higher 
than permissible error rate for which, at first glance, 
there is no obvious reason. If operating properly with 


a new card may be — 


good tape the transport should make very few errors , 


in writing and if rewriting is included in the program 
it should make no read errors. 
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Useful clues are: 


a. In what mode - read or write - are many errors 
occurring? 


b. At what point in the block does the error 
occur? 


c. What is the nature of the error: VRC, CRC, 
LRC? 


d. Are the errors pattern reluted? 


e. Do errors occur only on certain sets of 
commands? 


The first thing to be done is to inspect head and other 
items in the tape path for dirt accumulations. Be 
sure everything is clean. Check the tape being used 
and try 4 new reel if tape is doubtful. Check 
interface connections for broken wires or bad 
contracts. Table 4-2 is a troubleshooting chart 
concerned with high error rate. 


4.23.2 COMPATABILITY 


Model 9100 accepts and produces tapes conforming to 
the ANSI standards. Occasionally compatibility 
problems can arise: 


a. Tapes written by and acceptable to the 9100 
are not acceptable to another transport. 


b. Foreign tapes cannot be read by the 9100 but 
its own tapes can be. 


Three items may be involved: skew, speed, ramp 
times. These should be checked as described in the 
adjustment procedures. 


4.23.3 OTHER MALFUNCTIONS 


Normal trouble shooting procedures are involved in 
finding electronic malfunctions. The first things to 
check are the supply voltages: 


+/-24 volts nominal unregulated will normally 
be about +/-26 volts under light load. 


+/-10 volts +/-0.5 volt 
+5 volts +/-0.25 volt 


Convenient test points for measuring supply voltages 
ere: 

+24y  - euse of Q9 (MJ802) on heatsink 

-24v - cuse of Q10 (MJ4502) on heatsink 

+10v - Sensor Amplifier/Driver TPA 

-10v. - Sensor Amplifier/Driver TPB 

49v. = - Sensor Amplifier/Driver TPC 


fI-F 


Observed: High error rate — clean machine, good tape 


Symptom 


Continuous errors, every 
block (read mode) 


Continuous errors, write 
mode only 


Freyuent write errors, few 
or no read errors 


Frequent CRC, LRC errors, 
no VRC errors 


Read or write errors only 
at start of block 


Read errors on long blocks 
only 


Pattern related errors 


Possible Cause 


Broken connection to interface 
or internally 


Bad preamp channel 


Bad quad read amp channel 
Tape speed grossly wrong 


Bad head channel 

Broken connection on write 
data or WDS lines 

Bad write amp channel 
Write-read crosstalk 
Wrong CRC generation in 
interface 

Ramp time wrong 


Tape path misaligned 


Write-read crosstalk 


Table 4-2. 


Indication 


Continuity 

No output at test point on write 
test 

No data at test point 

Visual or skewmaster 


No output at preamp test point 
on write test 


Continuity 


No signal in write test mode 


Noisy signal at preamp test 
point 


Wrong data at input 
Read signals appear before 
ramp is complete 


Tape bears heavily on one 
guide surface 


Noisy signal at preamp test 
point 


Troubleshooting 


Correct connection. 


Replace preamp. 


Replace quad read amplifier. 
Adjust speed. 


Replace head. 


Correct connection. 


Replace write amp. 


Check preamp gain. 
Check face shield spacing. 


Correct interface. 


Adjust ramp time. 


Mechanical alignment. 


Check preamp gain. 
Check face shield spacing. 
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Control Malfunctions 


Symptom Possible Cause | Action Reference 


Tape breakage or aborted load Misadjusted reel servo(s) on Sidé panel | Readjust. 4,11 
Servo Preamplifier module 


LOAD pushbutton activates servos when 
pressed but does not hold 


Broken tape signal clears LOAD 
flip-flop 


a. Sensor Amplifier/Driver module | Card cage | Replace module. 


Pushbutton Control module Card cage | Replace module. 


Photosensor (BKN) malfunction 


Deck Replace sensor. 
Replace module. 


Fix. 


4. 23. 6 


Panel 


Deck, 
blower 


Tape Apply reflective strip. 
Card cage | Adjust photosensor. 4.15 


ae _ 


d. Sequencer module 


e. Vacuum switch and/or vacuum 
blower 


Tape feeds forward after load point 
marker should be Sensed and is 
rewound to physical end of tape 


Marker strip missing from 
tape 


b. Misadjustment of photosensor 
on Sensor Amplifier/ Driver 
module 


No EOT signal Same as load point above but for 
EOT 
REWIND pushbutton inoperative Logic malfunction, Pushbutton Card cage, | Replace module. 
Control module, Sequence module side panel 


Rewind does not stop at LP but continues Same as above 


until tape is wound off reel 


Photosensor adjustment wrong, 
Sensor Amplifier/Driver 
module 


Adjust photosensor. 4.15 


Side panel | Remove preamp. If reels 
stop, replace preamplifier 
module, 


Reels rotate uncontrolled when power is 
turned on with tape in both vacuum 
columns 


Servo preamplifier malfunction 


Replace heatsink assembly 
or locate and replace bad 
power transistors. 


Tape moves erratically, slips on capstan Head face shield touching tape Adjust face shield setting. 4,21 


Capstan turns slowly wher it should be Capstan zero adjustment, Servo Side panel | Adjust for zero. 4.14 
| stopped Preamplifier module 


Table 4-3. Troubleshooting 


Servo power amplifier (bad 
power transistors) 


Hoo0F-TOl6-3O0P 


Voltages are measured to chassis (ground). Plus or 
minus 24 volts will interease to +/-32 volts when speed 
Is greater than 150 ips. 


NOTE 


TURN POWER OFF WHEN REMOVING OR 


INSERTING CARDS. 


If the voltages are not correct the trouble is either in 
the power supply or in the fact that the malfunction 
is loading the supply excessively. Pulling cards from 
their sockets can help isolate an _ overloaded 
condition. The power supply is_ short-circuit 
protected on the regulated voltages. Assuming the 
voltages are correct, Table 4-3 should help in 
isolating malfunctions. 


4.24 PARTS REPLACEMENT 


In ‘most instances assembly methods for parts 
replacement are obvious. Electronic parts are nearly 
all on plug-in modules. [tems in the tape path may 
require machine realignment if replaced. If only one 
item is replaced at 4 time the complete alignment 
procedure usually may be avoided. Examples follow. 


4.24.1 HUB REPLACEMENT 
(Refer to paragraph 4.9.1) 


4.24.2 O-RING REPLACEMENT 
(Refer to paragraph 4.8.2) 


4.24.3 REEL MOTOR REPLACEMENT 
(Kennedy PN 190-5698-001) 


a. To expose motor mounting screws, remove the 
hub assembly as described in paragraph 4.9.1. 


b. Using a 5/32 ineh Allen wrench, unscrew the 
four motor mounting serews and lift the reel 
motor out of the chassis. 


4.24.4 CAPSTAN MOTOR REPLACEMENT 
(Kennedy Part No. 198-5823-001) 


Procedure: 

a. Detach capstan connecting cable. 

b. After removing mounting nut, detach capstan 
with capstan puller (Kennedy Part No. 154- 
0043-001). 

ec, Using a 5/32 inch Allen weeneh, remove the 


four capstan motor mounting serews and lift 
the cupstan motor out of the chassis. 
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4.24.5 MAGNETIC HEAD REPLACEMENT 
Replacement heads are supplied as complete 
assemblies together with mounting plate. A write 
deskewing chert is supplied with each head. 

4a. Remove head cover. 

b. Unplug head connectors. 

ec, Remove head mounting screw and remove 

head, passing connectors through the panel 


hole provided. 


d. Be sure adjusting screw on replacement head is 
almost completely unscrewed. 


e. Mount new head with mounting screw fairly 
loose. Screw in adjusting screw until point 
protrudes enough to engage its conical locating 
hole. Tighten mounting screw. 

f. Plug in head. 


g. Deskew the read head as described in the 
deskew adjustment procedure. 


h. Set deskewing switches on write amplifiers to 
correspond to chart supplied. 


i. Stick chart over old chart to record switch 

settings. 
4.24.6 PHOTOSENSOR REPLACEMENT 

a. Remove photosensor assembly by unplugging 
and removing mounting screws. Since it will 
not pass through the hole provided, the 
connector must be removed by cutting the 
cable. Retain the connector. 

b. Replacement sensors are provided’ with 
connector pins crimped to wires but with 
connector shell not installed. 


c. Replace assembly, passing wires through hole 
provided. Replace screws. 


d. Snap pins into connector shell in same color 
sequence as in the shell removed and plug in. 


ec. Adjust as described in adjustment procedure. 


4.24.7 TAPE CLEANER REPLACEMENT 
u. Remove head cover. 
b. Remove circular snap-in plug cover. 
¢. Remove mounting screw and tape cleaner. 


d. Mount new eleaner assembly with mounting 
screw finger tight. 


e. Adjust cleaner surface so that it just touches 
the tape and is parallel to the tape surface. 


f. Tighten mounting screw and install snap-in 
plug cover. 


4.25 MODULE REPAIR 


If the difficulty is traced to a plug-in module during 
troubleshooting, it will usually not be too difficult to 
find the component at fault and repair the module. 
All parts used in the electronics are standard 
commercially available units and may be replaced by 
others of like type and rating. Normal good practice 
and workmanship should be exercised. 


4.26 MAINTENANCE TOOLS 


In addition to normal clectronic tools and test gear 
(an oscilloscope, voltohmmeter, etc.) the following 
items should be available for service and repair. 
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Vacuuin gauge, Kennedy PN 154-0067-001 
Spanner wrench, Kennedy PN 154-0042-001 
Set of nut drivers or open end wrenches 
Phillips and standard screwdrivers 

Capstan puller, Kennedy PN 154-0043-001 
Skewmaster tape, Kennedy PN 154-0046-001 


Maintenance’ kit, Kennedy PN 190-2324-001, 
containing: 


Head cleaner 

Hex socket keys - 7/64, 5/32, 1/8, 3/32 
Lint-free swabs 

Reflective marker strips 

Magnasee visualizing solution 

Loctite grade H 

Card extender, Kennedy PN 190-2224-001 
Belt Tensiometer, Kennedy PN 154-0568-001 
Strobe Disk, Kennedy PN 291-5572-001 


Optional maintenance tools: 


Extension hose set, Kennedy PN 154-0044-001 
Blower extension cord, Kennedy PN 154-0045-001 
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SECTION V 


PARTS IDENTIFICATION 


5.1 SPARE PARTS ORDERING INFORMATION 


This section describes the replaceable parts in your 
tape unit which are available only from Kennedy 
Company. Many parts of the unit are common com- 
mercial parts and can be obtained locally from the 
manufacturer, These parts are marked with the 
manufacturer's name and part number and are not 
listed herein, 


The serial number and part number of the tape unit 
are the keys to numerous engineering details apply- 
ing to your unit. These numbers are located on the 
serial number tag located on the rear panel of the 
unit. When ordering spare parts, accessories, or 
tools always specify the serial number and part num- 
ber of your unit, 


Changes to Kennedy units are sometimes made to 
accommodate improved components as they become 
available, and to give you the benefit of the latest 
circuit improvements developed in our engineering 
department, If a part you have ordered has been re- 
placed by a new part, a Kennedy representative will 
contact you concerning any change in part number. 


All part orders should be addressed directly to 
Kennedy Company, Parts Order Department, 540 
West Woodbury Road, Altadena, Ca 91001, telephone 
(213) 798-0953, TWX 910-588-3751. 


5.2 IN-WARRANTY REPAIR PARTS ORDERING 
INFORMATION 


Repair parts for in-warranty units are made avail- 
able on an exchange basis through the Kennedy Com- 
pany Customer Engineering Department, 


The serial number and part number of the tape unit 
are necessary in order to inSure shipment of the 
proper replacement parts. 


All inquiries should be directed to Kennedy Company, 
Customer Engineering Department, 540 West Wood~ 
bury Road, Altadena, Ca 91001, telephone (213) 798- 
0953, TWX 910-588-3751, 


5.3 EXPORT ORDERS 


Customers outside the United States and Canada are 
served by Kennedy Company international sales 
agents, All correspondence regarding your tape unit 
Should be directed to your sales agent. If youprefer, 
correspondence may be addressed directly to Kennedy 
Company, Parts Order Department, 540 West Wood- 
bury Road, Altadena, Ca 91001, TWX 910-588-3751, 
cable KENNEDYCO, 


5.4 ILLUSTRATED PARTS LIST 


To assist in parts identification, an illustrated parts 
list is included with references to photographs of 
the machine. Part numbers beginning with an 8 or 
198 are listed again in the Recommended Spare Parts 
List at the end of this section. Kennedy Company 
recommends that these parts be ordered as spares 
to minimize machine downtime due to equipment 
failure. Certain parts on this list have no quantity 
indicated. We recommend ordering one of each <uch 
parts for remote installations where parts delivery 
is time consuming. 


5.5 FIELD KITS 


Some replacement components may be supplied in 
the form of repair or field change kits. The repair 
kits contain parts that are matched or assembled and 
adjusted at the factory because of complexity or to 
aid the field technician. The components ordered 
as field kits either by correspondence with Kennedy 
service engineers or by direct order will be supplied 
with complete installation instructions. The change 
kits are intended for standard or special options not 
originally included in the unit, 
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Part No. 


190-5654-001 
391-5736-001 
191-2939-001 
404-5662-001 
198-5699-001 
198-0018-001 
198-5675-001 
890-5732-001 
291-2775-009 
198-2399-025 
198-2399-026 
198-1138-001 
198-1139-001 
890-5750-001 
198-0017-001 
828-0156-001 
198-5674-001 
890-5655-002 
890-5655-003 
198-0110-001 
198-5687-002 
190-5658-001 
190-5658-002 
151-0034-001 
825-0085-001 
128-0153-001 


PARTS LIST 
Description 
Door Assy 
Dust Cover Hinge 
Hinge Pin 
Deck Assy 
Capstan 


Takeup Column Cover 

Takeup Vacuum Column Assy 

Split Tape Guide Assy, Ceramic 
Magnetic Head Cover 

Head and Head Mount Assy, 9 track 
Head and Head Mount Assy, 7 track 
LP/EOT Photosensor Assy 

Broken Tape Photosensor Assy 

Tape Cleaner Assy 

Supply Vacuum Column Cover 

Catch, Vacuum Column Cover 

Supply Vacuum Column Assy 

Test Panel Assy, Dual Density 

Test Panel Assy, Dual Density, 45 ips 
Reel Hub Assy 

Pushbutton Control Panel Assy 
Control Panel Cover Assy | 

Control Panel Cover Assy with Density Select Switch 
Thumbwheel Switch, 1 to 4 (parallel) 
Tape Guide 

Adjustable Grip Latch 


These parts have detailed parts views on following page. 


Assembly includes shims for setting hub clearance. Refer to para 
for adjustment procedure. 
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Item No. Part No. 


190-4778-002 
191-4709-001 
190-4704-001 
125-0030-006 
191-4708-001 
291-4705-002 
128-1000-095 
198-0082-001 
191-3451-001 
191-4710-001 
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MAGNETIC HEAD 
ASSEMBLY 
1-10A 


DECK PLATE 
REEL HUB 
1-188 
Figure 5-2 
Parts List 


Description 
Hub Latch Assy 
Hub Setscrew 
Outer Hub Assy 
O Ring 
Hub Mounting Nut 
Inner Hub 
Screw, 10-32 x 7/8', Hex Hd, Stl Cad Plate Il 
Shim Set 
Thrust Washer 
Key (3/16" x 3/16" x 3/4") 
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MODEL 9100 Tape Transport, 
. Vacuum Blower Assy Removed, 
Power Panel Cover Open, 


Figure 5-4. Rear View: Without Panel 
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Item No. 


Part No. 


190-5657-001 
890-5659-001 
890-5659-002 
890-5659-003 
890-5659-004 
890-5659-005 
890-5659-006 
190-5686-001 
851-0066-001 
198-0067-150 
198-0067-080 
851-0802-001 
198-0133-030 
851-0802-001 
198-0133-080 
198-0133-050 
121-9001-003 
198-5683-001 
198-0064-001 
190-4013-001 
121-0172-005 
890-5656-001 
890-5584-001 
121-0171-001 
121-0140-010 
890-5686-001 
845-0016-001 
890-5707-001 
121-0172-005 
121-0140-005 
890-5698-001 
890-5725-001 
145-0005-001 
145-0005-002 
890-2641-004 
115-0019-001 
147-1520-050 
847-1520-101 
115-3610-449 
191-5705-001 


PARTS LIST 


Descript ion 


Card Cuge Assy, Dual Density (w/o modules) 
Vacuum Blower Assy, 110 vac, 60 Hz, 0' to 4000' alt 
Vacuum Blower Assy, 220 vac, 50 Hz, 0' to 4000' alt 
Vacuum Blower Assy, 110 vac, 60 Hz, 4000' to 8000’ alt 
Vacuum Blower Assy, 110 vac, 60 Hz, 8000' to 12000' alt 
Vacuum Blower Assy, 220 vac, 60 Hz, 0' to 4000' alt 
Vacuum Blower Assy, 240 vac, 50 Hz, 0' to 4000' alt 
Power Panel Cover Assy 

F1 Fuseholder, 30A Bus 

Fuse, 15A 125v (11u vac use) 

Fuse, 8A 250v (220 vac use) 

F2 Fuseholder, 15A 

Fuse, 3A 250v 

F3 Fuseholder, 15A 

Fuse, 8A 250v (110 vac use) 

Fuse, 5A 250v (220 vac use) 

Power Input Receptacle 

Intake Plenum Cover 

Vacuum Switch 

Connector Board Assy 

Terminal Strip, 5 Circuit 

Power Panel Assy 

Rectifier, PC Board Assy 

Twist-On Outlet Receptacle 

Terminal Strip, 10 Cifcuit 

Power Panel Cover Assy 

Relay 

Solid State Switch 

Terminal Strip, 5 Circuit 

Terminal Strip, 5 Circuit 

Reel Motor Assy 

T2 High Power Transformer Assy 

Relay, 12 vde 

Relay, 6 vde 

File Protect Switch Assy 

Capacitor, 0.47 mfd, 400 vde 

Resistor Wire Wound, 5 ohm, 20w, 10% 

Resistor Wire Wound, 100 ohm, 20w, 5% 
Capacitor, Computer Grade, 10w vde 

Filter 
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Figure 5-6. 


Part No. 


845-0017-001 
845-U017-002 
835-0056-00] 
835 -0056-002 
891 -5845-10] 
891 -5845-102 
B91 -5849-105 


128-1000-064 
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Vacuum Blower Assembly: Bottom View 


Parts List 


Motor Starting Relay, 


Description 


110) vae, 


60 Hz 


Viotor Starting Relay. 220 vae, 50° Hz 
Flat Belt. J10 vae. 60 He, 
Flat Belt, TQ vee, 60 Hz, 


Pulley. LEh0/220 
Pulley. TPQ vae, 


SOOO’ to 12, 
Vachine Serew, 


vie, 60° Hz, 


QO alt 
Hex Socket 


YW to 8000' all/220) vae, 50 
BNOO' to E2000" all/220 vae. 
Y to 4000" alt 
60 Hz. 4000" to 8000 alt 
Pulley. 220 vae. 50 Ha. 0' to 4000" alt7100 vae, 60) Tz 


Heud, 


6-32NC 
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Figure 5-6. Vacuum Blower Assembly: Top View 


Hem No, Part No, Deseripuion 

6 | bY} ohbR OO] Sleeve 

hoo Kt OOOT O05 Blower. Bert: Drive 

3 BOP isd oo AC Plug 

Hh 4 115 0008-001 Capaertor Mounting Clamp. l00 vae, 600 He 
blo O08 005 Capacitor Mounting Clamp. 220 vae, ou) He 

hed RL HOT O04 VC Motor Starting Capacitor, 270-324 mtd. TO vae, 60) Wz 
Kl GOT OO? VC Motor Starting Capaertor, 72-88 mid. 250 vae, o0/60 He 

Hoo KUM ok OO) Blower Motor ‘Hub Assy. TiO vae. 60° He 
ROO ORTH O04 Blower Viotor Hub Assy. 220 vae. 50.60 Hz 
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Figure 5-7. Model 9100 Tape Transport: Bottom View 


llom No, ik See. Description | 
ea B4d HOS | Relay. PAV, Pes | 
(oe Ala ohla Tk CGipaedor  Llectroivtire. 7 Wot mtd. 25 vde 
124) Rlo Jha 449 Claprertor. Lleetrotytre. du 000 mid, 10 vde 
1-4 PUR 416s U0 I) Transformer 
oe IY ONd6 OO] Hlose  \ssy. Supply : 
126 BYN- Arr UOT C'apstan Motor \ssy 
v4 KY] S685 O02 Pshaust) Plenuia Cover 
(ieee P90 S84 UOT Hose Assy. PNhaust 
fee KY) abe) -O0] Regulator and Serva \ssy 
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Figure 5-8.. Model 9100 Tape Transport: Left Side 


506-9101-201B 


Figure 5-9. Model 9100 Tape Transport: Right Side 
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NOTE 1: 


Part No. 


890-5664-002 
190-5840-001 


128-0151-001 | 


890-57 28-xxx 
890-5368-xxx 
890-5366-xxx 
890-3860-xxx 
890-4385-xxx 
890-6385-xxx 
890-4385-xxx 
890-6385-xxx 
890-4367-xxx 
890~6367-xxx 
890-4365-xxx 
890-5771 -xxx 
890-3841-xxx 
890-3842-xxx 
890-3843-xxx 
890-5733-xxx 
890-5719-001 
815-3625-479 
147-1520-101 
890-6666-101 
121-0175-001 
190-5770-001 
121-0173-005 
121-0173-001 
191-5681-001 
128-0151-001 
148-0085-001 
890-6667-002 
148-0015-001 
147-0028-001 


The last 3 dash numbers of these modules vary, 
numbers are stamped on the module, or may be 


PARTS LIST 


Description 
Masterboard, Dual Density 
Reel Plate Assy 
Slide Set 
Read Preamplifier Assy 
Five Channel Write Amplifier 
Four Channel Write Amplifier 
Data Terminator 
Replaced by: 
Quad Read Amplifier 
Replaced by: 
Quad Read Amplifier 
Replaced by: 
Dual P Channel/Clipping 
Dual Density Control (800, 1600 cpi models) 
Delay Timing (200, 556, 800 epi models) 
Control Terminator 
Interface Control 
Pushbutton Control 
Ramp Generator 
Sensor Amplifier Driver 
Capacitor, Electrolytic, 48,000 mfd, 25 vde 
Resistor, WW, 100 ohm, 20w 
Servo Preamplifier Assy | 
Molex Relay Connector 
Brake Board Assy 
Molex Flat Blade Connector, 4 circuit 
Molex Flat Blade Connector, 2 circuit 
Slide Bracket 
Slide Set 
Diode 
Sequence Control Assy 
Rectifier, Silicon 1N2069 
Resistor 0.1 ohm, 10w, 1% 
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depending on machine specifications. These dash 
found on the circuit card identification Strip. 
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RECOMMENDED SPARE PARTS LIST © 


(Certain parts in this list have no quantity indicated. For remote installations where parts delivery is time 
consuming, we recommend ordering one of each of these parts as required for your machine in addition to the 
recommended quantities of the regular spares.) 


Item No. Part No. Description Qty Notes 
1-20 198-5665-001 Assy PC Board Display Panel 
1-6 198-5699-001 Capstan 1 
1-7 198-5675-001 Takeup Vacuum Column Assy 1 
1-8 890-5732-001 Split Tape Guide Assy, Ceramic 2 
1-10A 198-2399-025 Head and Head Mount Assy, 9 track 1 2 
198-2399-026 Head and Head Mount Assy, 7 track 1 2 
1-11 198-1138-001 LP/EOT Photosensor Assy 1 
1-12 198-1139-001 Broken Tape Photosensor Assy 1 
1-13 890-5750-001 Tape Cleaner Assy 1 
1-15 828-0156-001 Catch, Vacuum Column Cover 1 
1-16 198-5674-001 Supply Vacuum Column Assy 1 
1-17 890-5655-002 Test Panel Assy, Dual Density 1 
1-19 198-5687-002 Pushbutton Control Panel Assy 1 1 
1-22 825-0085-001 Tape Guide 1 
3-2C 890-5659-001 Vacuum Blower Assy, 110 vac, 60 Hz 
0' to 4,000' altitude 
890-5659-002 Vacuum Blower Assy, 220 vac, 50 Hz 


0' to 4,000' altitude 
890-5659-003 Vacuum Blower Assy, 110 vac, 60 Hz 
4,000' to 8,000’ altitude 
890-5659-004 Vacuum Blower Assy, 110 vac, 60 Hz | 
8,000' to 12,000' altitude &@ | 
890-5659-005 Vacuum Blower Assy, 220 vac, 60 Hz 
0' to 4,000’ altitude 
890-5659-006 Vacuum Blower Assy, 240 vac, 50 Hz 
0' to 4,000' altitude 


3-4 851-0066-001 Fl Fuseholder, 30A Bus 
198-0067-150 Fuse, 15A (110 vac use) (5 per box) 1 box 
198-0067-080 Fuse, 8A (220 vac use) (5 per box) 1 box 
3-5 851-0802-001 F2 Fuseholder, 15A 
198-0133-030 Fuse, 3A 3AG (5 per box) 1 box 
3-6 851-0802-001 F3 Fuseholder, 15A 
198-0133-080 Fuse, 8A 3AG (110 vac use) (5 per box) 1 box 
198-0133-050 Fuse, 5A 3AG (220 vac use) (5 per box) 1 box 
4-1 891-5683-001 Intake Plenum Cover 
4-2 198-0064-001 Vacuum Switch . 1 
4-5 890-5656-001 Power Panel Assy 
4-6 890-5584-001 Rectifier PC Board 1 
4-9 890-5686-001 Power Panel Cover Assy 
4-10 845-0016-001 Relay | 1 
4-11 890-5707-001 Solid State Switch 1 
4-14 890-5698-001 Reel Motor Assy 1 
4-15 890-5725-001 High Power Transformer Assy 
4-17 890-2641-004 File Protect Switch Assy ] 
4-20 847-1520-101 Resistor, Wire Wound, 100 ohm, 20w, 5% 
o-1 845-0017-001 Motor Starting Relay, 110 vac, 60 Hz 1 
845-0017-002 Motor Starting Relay, 220 vac, 50 Hz 1 


NOTES (see page 5-16) 
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Part No. 


835-0056-001 
835-0056-002 


291-5845-101 
291-5845-102 
291-5845-103 
291-5845-104 
826-0001-003 
821-0171-002 
815-0018-001 


815-0018-002 


890-5848-003 
890-5846-004 
845-0005-001 
845-0005-002 
815-3625-798 
815-3610-449 
198-4163-001 
198-0046-001 
890-4721-001 
391-5683-002 
198-0047-001 
890-5671-001 
890-5664-002 
890-5728-xxx 
890-4368-xxx 
890-5368-xxx 
890-4366-xxx 
890-5366-xxx 
890-3860-xxx 
890-4385-xxx 
890-6385-xxx 
890-4385-xxx 
890-6385-xxx 
890-4367-xxx 
890-6367-xxx 
890-4365-xxx 
890-5771-xxx 
890-3841-xxx 
890-3842-xxx 
890-3843-xxx 
890-5733-xxx 
890-5719-001 

815-3625-479 


890-6666-101 


RECOMMENDED SPARE PARTS LIST 


Description 


' Flat Belt, 110 vac, 60 Hz, 0' to 8K' altitude 


Flat Belt, 110 vac, 60 Hz, 8K' to 12K' 
altitude, 220 vac, 50 Hz 

Pulley, 110/220 vac, 60 Hz, 0'-4K' altitude 

Pulley, 110 vac, 60 Hz, 4K'-8K' altitude 

Pulley, 110 vac, 60 Hz, 8K'-12K' altitude 

Pulley, 220 vac, 50 Hz, 0'-4K' Altitude 

Blower Belt Drive 

AC Plug 

Motor Starting Capacitor, 270-324 mfd, 
110 vac, 60 Hz 

Motor Starting Capacitor, 72-88 mfd, 
250 vac, 50/60 Hz 

Blower Motor/Hub Assy, 110 vac, 60 Hz 

Blower Motor/Hub Assy, 220 vac, 50/60 Hz 

Relay, 12 vde 

Relay, 6 vde 

Capacitor, Electrolytic, 7,999 mfd, 25 vde 

Capacitor, Electrolytic, 40,000 mfd, 10 vde 

Tl Low Power Transformer 

Hose Assy, Supply 

Capstan Motor Assy 

Exhaust Plenum Cover 

Hose Assy, Exhaust 

Regulator and Servo Assy 

Masterboard, Dual Density 

Read Preamplifier 

Five Channel Write Amplifier (45 ips) 

Five Channel Write Amplifier (75 ips) 

Four Channel Write Amplifier (45 ips) 

Four Channel Write Amplifier (75 ips) 

Data Terminator 

Replaced by: 

Quad Read Amplifier 

Replaced by: 

Quad Read Amplifier 

Replaced by: 

Dual P Channel/Clipping 

Dual Density Control (800, 1600 cpi models) 

Delay Timing (200,556,800 epi models) 

Control Terminator 7s 

Interface Control 

Pushbutton Control 

Ramp Generator 

Sensor Amplifier Driver 

Cl, C2 Capacitor, Electrolytic, 48,000 mfd 
29 vde 

Servo Preamplifier 


NOTES (see page 5-16) 
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RECOMMENDED SPARE PARTS LIST 


Item No. Part No. Description Qty Notes 
9-11 890-6667-002 Sequence Control Module 1 6 
821-9000-003 Power Cord, !10A 
198-0100-002 Hub Repair Kit, Model 9100 2 5 
198-0020-001 Brush Replacement Kit, Reel Motor (4 brushes) 1 
198-0021-001 Brush Replacement Kit, Capstan Motor (2 brushes) | 
NOTES 


1. Unless specified, door assemblies and contro! panels will be shipped with standard paint colors. Please 
specify If special paint or logo is required. 

2. Head is supplied on mounting plate and with face shield and connector. Specify number of tracks. All 
heads are read after write with side mounted erase. Deskew chart is furnished with each head. 

3. Capstan motor/iachometer assembly is supplied with capstan wheel in case of damage to capstan during 
removal, 

4. Heatsink assembly includes Power Supply Regulator module 190-4352-001. This module is not readily 
replaceable without replacing heatsink. : 

y) Repair kit contains those items subject to wear. 

8. The last 3 dash numbers of this module will vary according to machine specifications. These dash 
numbers are stamped on the module, or may be found on the circuit card identification strip in the 
machine. The complete module part number should be specified during ordering. 


MAINTENANCE TOOLS 


In addition to normal electronic tools and test gear (an oscilloscope, voltohmmeter, ete.) the following items 
Should be available for service and repair. 


Kennedy | 
Part No. Description | 


154-0067-001 Vacuum Gauge | 
154-0042-001 Spanner Wrench ! 
Set of Nut Drivers or Open End Wrenches 
Phillips and Standard Serewdrivers 
154-0043-001 Capstan Puller - 
154-0036-001 Skewmaster Tape 
190-2324-001 Maintenance Kit 
Containing: 
Head cleaner 
Hex socket keys - 7/64,5/32.1/8, 3/32 
Lint-free swabs 
Reflective marker strips 
Magnasee visualizing solution 
Loctite grade H 
190-2224-001 Card Extender 


Optional Maintenance Tools 


154-0044-001 Extension Hose Set 
154-0045-001 Blower Extension Cord 
154-0063-001 Hub/File Protect Height Gauge 
154-0568-001 Tensiometer 


SCHEMATIC 


DIAGRAMS 


THE SCHEMATICS, HHEN AVAILABLE, ARE ON THE LAST FICHE IN THIS SET. 
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DIGITAL RECORDING ON MAGNETIC TAPE USING NRZI CONVENTIONS AND FORMAT 


1.1 INTRODUCTION 


There are many recording techniques that may be 
employedto record digital information onto magnetic 
tape. Some of these are: non-return: to-zero (NRZ), 
return-to-zero, phase-encoded, Manchester coding, 
and NRZ1. Of these methods the NRZ1, non-return- 
to-zero change at logic 1, has been most widely ac- 
cepted for recording parallel data onto multitrack 
recorders. This method has been used by IBM and 
other computer manufacturers for many years, and 
packing densities, formats, and mechanical dimen- 
sions have been fairly well standardized by usage 
throughout the industry. 


1.1.1 IBM COMPATIBLE 


The term IBM compatible, or more specifically IBM 
compatible 2400 series, is found frequently in speci- 
fications of tape units manufactured by companies 
other than IBM. This means that a tape written on a 
machine that is IBM compatible can be successfully 
entered into an IBM computer utilizing the IBM 2400 
series of magnetic tape units. The converse, of 
course, is also true. Tapes written on an IBM 2400 
can be read on IBM compatible tape units equipped 
with the read function. 


This common denominator between systems is im- 
portant, for often it is the only common point between 
computer systems ar-‘data acquisition systems. The 
parameters that ensure this compatibility relate to 
track width, number of tracks, position of thetracks 
on the width of the tape, form of check characters, 
spacing of check characters from data, length of 
interblock gaps, length of file gaps, and the charac- 
ter used to identify a filegap, as well as the mechan- 
ical dimensions of reels and hubs. This note de- 
scribes these factors for the IBM compatible NRZ1 
method of recording. 


1.1.2 ADVANTAGES OF NRZ1 RECORDING 
METHOD 


In the NRZ1 method of recording, current is flowing 
in one direction in the magnetic head at all times it 
is writing. This factor makes it possible to record 
over old data, erasing the old data as the recording 
is taking place. Headcurrent also flows in a uniform 
direction during the interrecord gap. This is useful 
when it is necessary to rewrite a record or skip a 


badarea of tape found on re-read and allows thehead 
current to be turned on again in a known direction 
without causing unwanted spikes. 


Another advantage of the NRZ1 system is that the 
electronics for writing and reading are simpler than 
those required for other recording techniques, such 
as phaSe encoding. 


A disadvantage of the NRZi system is that it is not 
self-clocking and is useful only where multiple track 
recording is employed. A further restriction is that 
in order to derive a clock from the multiple trac!.s, 
at least one of the tracks must have a one in it for 
each byte or character recorded. This last factor 
is ensured when a parity check is employed and the 
parity is odd. If even parity is used, then of course 
the all-zero character must be declared invalid and 
not used during the block. 


1.2 WRITING NRZ1 TAPES 


To record digital data on magnetic tape, it is neces- 
sary to magnetize the tape discretely to indicate bi- 
nary ones and zeros. In the NRZ1 method, current 
is flowing in the head at all times the magnetic tape 
unit is in the write mode. As long as the head cur- 
rent does not change, the data will be written such 
that it will be interpreted as zeros. When a transi- 
tion occurs between Saturation magnetism (plus and 
minus) on the tape, this will be interpreted as a one. 
Figure 1-1 shows typical waveforms for data recorded 
on tape in the pattern 011010. The data is entered 
together with write clocks as shown, with a write 
clock for each bit recorded. With tape in continuous 
motion, aflux pattern corresponding to the tape mag- 
netization will appear on the tape as shown. 


NRZ1 recording is implemented by driving current 
through the head winding in a direction determined 
by a flip-flop that toggles for each one, gated in by 
coincidence between data and a write clock. 


1.3 READING NRZ1 RECORDINGS 


To recover the data written in NRZ1 format, the 
tape is moved at a constant velocity past the gap in 
the head. Refer to Figure 1-2. If the same pattern 
shown above is present on the tape, the head voltage 
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Figure 1-1 NRZ1 Waveforms - Writing 
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will look like the playback signal since the voltage 
induced in the head is the differential of the flux pat- 
tern on the tape. The characteristic half sine wave 
results from the fact that the gap on the head has a 
finite width. 


The pattern shown is typical of what would be seen 
with 200 bits per inch (bpi) recording. As the re- 
cording density increases, the mechanical dimen- 
sions of the head remain the same, resulting in the 
same waveform but with the individual waves crowded 
close together. This ultimately presents a limit be 
yond which this type of recording is useful with state- 
of-the-art tapes and magnetic heads. Recording of 
800 bpi seems tobe a practical limit and is the maxi- 
mum density utilized in present-day systems. 


The playback signal is then rectified and, as can be 
seen from the figures, a pulse is present for every 
one recorded and the base line remains stationary 
for all zeros recorded. Note, however, that it is not 
practical to derive an accurate clock from the signal 
on the basis of a single-track recording. However, 
since this is a multiple track system and employs a 
parity generator, a data bit will be found on one of 
the multiple tracks for each character written, as- 
suming that an all-zeros character is not employed 
in conjunction with even parity. 


Considering the above factors, a typical read ampli- 
fier consists of an analog amplifier, a rectifier, a 
peak detector, suitable logic to create a clock, and 
an Output buffer stage to enable interfacing to the 
customer's unit. 


1.3.1 SKEW AND GAP SCATTER 

Another major factor that limits the design of an 
NRZ1 multiple track system is that heads are not 
perfect because of gap scatter and head mounting to 
decks is not perfect causing skew. Both these fac- 
tors have the same effect in thatthe signals from all 
the tracks do not occur perfectly in unison. The 
problem is minimal if the same head and deck are 
used for reading and writing a given tape, but since 
interchangeability of tapes between machines is man- 
datory provisions must be made to cancel out these 
effects. The allowable tolerances in head manufac- 
ture have practical limits and are typically in the 
+50 microinch region for high quality heads, Fixed 
heads without adjustment are practical with 200 bpi 
and 556 bpi recording, but 800 bpi recording requires 
adjustments, 


All Kennedy recorders are equipped with the neces- 
sary deskewing adjustment to enable operation and 
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assure compatibility with other magnetic tape units, 
These adjustments take the tollowing form. 


1.3.1.1 Read Head Alignment 


The read head is adjusted so that its gaps are per- 
pendicular to the direction of tape motion using an 
IBM skewmaster tape. A mechanical adjustment is 
provided consisting of a spring loaded mounting plate 
working against a fine pitch adjusting screw. (On 
incremental and some low density machines this ad- 
justment is either not required or is made by shim- 
ming tape guides. ) 


1.3.1.2 Read Electronic Deskew Register 


All Kennedy read amplifiers are provided with a de- 
skewing register. This register allows a total skew 
of 50 percent for all reasons including write head gap 
scatter, dynamic read skew, readhead misalignment, 
and speed variation in writing or reading. 


1.3.1.3 Write Electronic Deskewing (continuous tape 


units only) 


The mechanical relationship between the read gap and 
the write gap is fixed in any given read after write 
head. Since the read head is adjusted perpendicular 
to tape motion (paragraph 1.3.1.1), the write time 
for each channel may be delayed selectively so that a 
character is written on the tape perpendicular to tape 
motion. In Kennedy continuous tape units a fixed de- 
lay is inserted for one channel and individual delays 
are provided for the remaining channels. This ar- 
rangement allows each channel tobe adjusted in exact 
relationship to the fixed channel and allows adjust- 
ment for skew and gap scatter as well. 


1.4 TAPE FORMATS 


There are other factors that affect compatibility in 
addition to density and recording method: 


a. Tape markers 

b. Gaps 

ec. Check characters 
d. Codes 


1.4.1 TAPE MARKERS 


When recording on magnetic tape, care must be taken 
to avoid physical handling and damage to the recorded 
surface. Aportion of tape— at least 10 feet ~ at each 
end is reserved for threading and loading and is not 
used for storing data. To define the recorded area, 
pressure Sensitive reflective markers are applied to 
the nonoxide side of the tape as shown in Figure 1-3, 
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Figure 1-3. 


These markers are sensed optically and define the 
recorded area in a standardized manner. 


The BOT marker signal is used internally to define 
the load point or starting of recording. The EOT 
marker signal is not used internally but is available 
to the interface as an end of tape warning signal and 
should be used by the unit interfaced to the magnetic 
units to terminate recordiug within the next 4 feet of 
tape. 


1.4.2 GAPS 


Tape reading can only take place reliably when tape 
is moving at a known speed across the head. To al- 
low tape to Star. aid ctop while the computer manip- 
‘ulates data, a section of tame with nodata is provided 

_ between records or biocks of data and at the begin- 
ning and end of tape. This section is recorded with 
the head current turned on in the direction defined 
as erased and results in a constant flux in a pre- 
determined direction which is independent of tape 
speed or motion. The direction of current in the 
heads defining the erased condition is also controlled 
to be uniform in all recorders. On readback this 
flux is constant as the tape accelerates and deceler- 
ates. Since a change in flux is required for the read 
head to sense data, no signal occurs and orderly 
starts and stops may be made. 


Mechanical limitations preclude instantaneous Starts 
and stops, and a distance of tape must be reserved, 
conditioned by the requirements of the ''worst case"’ 
machines, to use the standards. While high speed 
units (IBM 2400 series) set the length of the gaps, 
Kennedy recorders utilize the full gap length to ac+ 
vantage by providing controlled acceleration and de- 
celeration, resulting in minimum Stresscs to the tupe, 
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Tape Markers 


1.4.2.1 Beginning of Tape Gap 


An erased section of tape is required surrounding 
the BOT marker. This serves as a defined area 
within which data recording or reading can sturt. To | 
comply with IBM specifications this section extends | 
a minimum of 1.7 inches ahead of the trailing edge | 
of the BOT marker and extends a minimum of 0.5 
inch past the trailing edge of the BOT marker. In 
nearly all systems (including IBM) this erased sec- 
tion totals about °.5 inches (Figure 1-3), 


1.4.2.2 Interrecord Gaps 


Interrecord gaps are areas, without data, placed be- : 
tween data bloc!s or records as shown in Figure 1-4. | 
The length of (uc yap is 0. 75inch minimum for seven- 
track systems and0.60 inch minimum for nine-track 
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Figure 1-4. Intsarrecord Gaps 


systems, The maximum length is not critical. The 
USA Standard Institute specifies the maximum length 
at 25 feet. 


If records are short it can be seen that a large por- 
tion of thetape is used for interrecord gaps. In many 
cases computers are programmed to handle records 
in batches as shown in Figure 1-4. In this case the 
IRG and check characters are inserted on a block 
basis. 


Figure 1-5 shows the format of the file mark for seven- 
and nine-track tapes. The distinguishing feature of 
the block is the fact that it is a single specific char- 
acter record with a check character. The erased 
gap itself is nearly always used but IBM standards 
state that it is optional. 


1.4.3 CHECK CHARACTERS 


The NRZ1 format provides for both vertical and hor- 
izontal parity checks. In the nine-track system an 
additional check called the cyclic redundancy check 
character is used, Refer to Figures 1-6 and 1-7 for 
the location of the check characters. 
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The check characters define to a very high level of 
confidence that a block that is read is accurate. 


1.4.3.1 Vertical Parity 


Seven-track and nine- track systems use six and cight 
tracks respectively tor recording data. The remain- 
ing track is redundant and carries the parity infor- 
mation. When the data is written on tape, a parity 
generator senses the input data and determines if the 
number of bits in the byte is odd or even. It outputs 
al" ora "0'' to the redundant track to make the 
count odd if odd parity is selected, or even if even 
parity is selected, 


On readback a similar circuit can be used to count 
the number of bits in each byte and determine if the 
count is odd or even. Depending on which is defined 
as correct, it Signals the error line if the count is 
wrong. ‘Thus each byte is checked. However, if an 
even number of bits is dropped the test will not re- 
sult in an error signal, so an additional check called 
longitudinal parity is employed. 


Odd or even parity may be selected on seven-track 
recorders. Nine-track recorders are always odd 
parity. 
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4.6.2 Longitudinal Parity 

.. lonpitudinal redundancy check character is written 
at the end of each block. It is separated from the 
end of each block as shown in Figure 1-8. This char- 
acter is made up on a per-track basis. The number 
of 1's recorded in a giventrack of a block is counted 
and a "1" is written in the track as the LRCC if the 
count was odd, and, therefore, the number of 1'S re- 
corded in each track becomes even for any given 
block. On readback this is checked and an error is 
detected if the count is odd in any track. The possi- 
bility of not detecting an erroneous block still exists 
if an even number of bits in a yiven track of a block 
is dropped. However, when this test is combined 
with the vertical parity test the probability of not de- 
tecting an error is reduced. 


1.4.3.3 Cyclic Redundancy Check Character (CRCC) 


In the nine-track system another check character 
must be written. This character is derived with rela- 
tively complex logic, the result of which, in combi- 
nation with the LRCC and vertical parity information, 
enables a computer to determine in which track a 
dropout occurred. If the dropout occurred in only 
one track in the given block, the computer can then 
nullify that track and generate the information in that 
track from the data in the remaining tracks, which 
includes the parity track. 


This check character follows the last data byte by 
four cell positions, as shown in Figure 1-8, 


1.4.3.4 Codes 


The recorder will accept and read back any code set 
applied (six-bit for seven-track, eight-bit for nine- 
track). The only restriction is that the 000000 char- 
acter in a Seven-track system using even parity must 
not be used. This is a blank position or missing 
character, and most IBM system will register an 
error condition if it is found ina block. 


Two code sets are shown in Figure 1-9. These are 
the graphic symbols portion of the codes used by IBM 
for nine-track and seven-track systems. 
shown for reference only. 


They are 
systems may use differ- 
ent code structures when they are proyrammed for 
them, 


In the Sseven-track system the 000000 character may 
be converted to the 001010 character by use of the 
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"BCD 0 to 10" option which is available for most 
Kennedy recorders, This senses the 000000 charac- 
ter onthe data lines in conjunction with a write clock 
and converts it internally to record the IBM character 
for the number 0 (001010). 

Lod. SUMMARY OF FORMAT 

A summary of the above factors is shown in Figure 
1-6 for seven-track data format and Figure 1-7 for 
nine-track data format Record blocks and tape 
markers are shown in Figure 1-10. 


1.4.5 REFERENCES 
Additional infurmation may be found in the following 
publications: 


a. IBM 2400-Series Magnetic Tape Units Orig- 
inal Equipment Manufacturers' Information, IBM 
Form 226862-4 


b. USA Standard Recorded Magnetic Tape for 
Information Interchange (800 cpi, NRZ1), United 
States of America Standards Institute, 10 East 40th 
Street, New York 10016 
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PHASE ENCODED RECORDING 


Introduction 


For many years, NRZ1 recording has been used in 
most computer tape systems. Density has increased 
from 200 cpi to 556 cpi and 800 cpi in the quest to 
increase data storage capability of tape and to achieve 
higher data rates. 


With higher densities mechanical tolerances become 
more and more critical, however, and 800 cpi Is 
probably the practical limit for NRZ1 recording. If 
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higher densilies were to be achieved, a new record- 
ing method was required. 


Phase encoding was chosen. Its advantages were well 
known from use of similar systems on drums and 
specialized tape drives. In computer use, tape den- 
sity of 1600 cpi was selected, and a tape format was 
established first by IBM and later adopted by ANSI 
as a proposed American national standard. 


Figure 1 shows graphically the effect of density on 
tape storage capacity as a function of block length, 
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Figure 1. Comparison of Packing Density, Phase Encoded and NR2Z?1 Formats 


Phas © Encoded Reco rding 


Each of the nine tracks on a PE tape is recorded in 
such a manner as to allow recovery of a track clock 
plus the data. This removes the requirement for 
close skew alignment as in NRZ1 recording, since 
clocked data can be assembled ina register to re- 
move the effects of skew. 


Saturation recording is used. Tape is dc erased with 
a polarity such that the rim end of the tape becomes 
a north seeking pole. A one bit is defined as a flux 
reversal to the reference polarity. A zero bit is de- 
fined as a flux reversal toward theopposite polarity. 
A "phase flux reversal'' is written at the nominal 
midpoint between successive ones or successive 
zeros to establish proper polarity. 


Figure 2 shows the resulting pattern of reversals on 
tape. It will be seen that the recording results in 
two bit densities being recorded, 1600 flux reversals 
per inch (frpi) and 3200 frpi. Phase shift of these 
two frequency components is of the utmost importance 
for decoding after playback. 


Figure 3is a logic diagram of a write amplifier that 
generates the required waveforms, 
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Tape kormat 


For IBM compatibility, tapes must be written in the 
proper format. This includes conventions on pap 
lengths and special marks on tape. These have been 
chosen to ensure compatibility with nine-track 00 
cpi NRZ1 on the same transport but with different 
electronics, 


PE Format Requirement 


a. Identification burst. A burst of recording 
in track 4(Pchannel) only starting a mini- 
mum of 1,7 inches before the load point 
marker and extending past load point, but 
ending at least 0, 5inch before the first data 
block. Used to identify PE tapes. 


b. Initial gap. A gap of at least 3 inches be- 
tween the load point marker and the begin- 
ning of the first data block. 


c. Preamble. A burst of 40 zero characters 
in each track followed by a character con- 
taining ones in each track. 


d. Data. Nine tracks, channel assignments 
same as ‘800 cpi. 
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Figure 3. Write Amplifier Logic 


e. Postamble. Anallones character followed 
by 40 all zero characters, 


f, Interrecord gap. Agap0.6 inch long nomi- 
nal (0.5 inch minimum, 25 feet maximum) 
erased in the reference direction. 


g. Tape marks. Tape marks are special con- 
trol blocks used to identify portions of the 
tape. AS opposed to NRZ1 format which 
has only one tape mark, there are eight 
possible marks in PE format. Tape mark 
blocks may be from 64 to 256 characters 
in length and are recorded in the format 
shown in Table 1, 


Reflective Strips 


Load point and end-of-tape reflective strips are 
attached to the tape in the same positions and with 
the same meaning as in NRZ1 recording. 


Check Characters 


All PE tapes are written with odd vertical parity. 
There are no LRC or CRC characters in the PE sys- 
tem. They are not needed since the location of the 
track in error can be easily detected through the 
coding system. 


Reading Phase Encoded Tapes 


Reading methods fcr FE tapes differ, naturally, from 
NRZ1 methods, slowing is a general discussion 
of means employed to extract recorded information, 
More specific circuit descriptions will be found in 
instruction manuals for Kennedy Company PE units. 


B-: 
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Amplified head signal waveforms are shown in ip - 
ure t fora typical data block. Preamble and post- 
amble are easily identified at the beginning and end 
of the block, Purpose of the preamble is to allow 
synchronization with the signal by a phase-locked 
oscillator before data begins, It is written at 3200 
frpi (all zeros). 


Because of tape and head response limitations, the 
high frequency components are of lower amplitude 
than the low frequency components, 


Differentiation of the amplified Signal is performed 
in read clectronics, Signal is then crossover de- 
tected, and digitized. Anew signal envelope detector 
is used to detect "dropouts" in order to precisely 
determine defective parts of tape. Up to three char- 
acters may be lost ut the beginning of the block and 
some noise can be seen at the end of the block (after 
the last zero) for up to two characters time. 


Two conditions should be met before signals are 
recognized as validdata: (a) Signals must bepresent 
in all tracks; (b) a number of zeros (approximately 
29) must be followed by an all ones character pre- 
amble detected). 


Once detected, the preamble combination of all ones 
must be treated as a valid character. All zeros is 
not a valid character unless the single track dropout 
line is active, 


One phase-locked oscillator and associated electron- 
icS is recommended for better tolerance to tape deck 
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Table 1. Tape Mark Combinations 
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Figure 4. Read Signal 


speed variation and write data timing. Two detec- 
tors, aone detector and a zero detector, are used 
to develop data. If, in the required time, neither 
detector has an output, a single track dropout is 
signaled and data correction ensues, 


Each read channel has three output lines: one, zero, 
clock. These three lines are fed to a four-stage 
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shift register controlled by an up-down counter. 
Upon entering the shift register, the 1 or 0 bit is 
shifted to the right to occupy the last open shift reg- 
ister cell. As data characters are read out, the 
shift register contents are shifted to the right. This 
allows up to four characters of skew. An error is 
posted if the skew register overflows. 


Since single track dropouts are detected on a per bit 
basis and since the track in error is known, the 
character in the SR output stage can be corrected. 
This is done by reconstructing the missing bit by 
placing the remaining bits in a parity generator and 
adjusting the missing bit so that odd parity is achieved. 
If more than one track drops out, a multiple track 
error condition is flagged. In this case correction 
is not possible. 


It can be seen from the preceding discussion that 
some complexity is required in the PE read elec- 
tronics. If possible, it is desirable to share read 
electronics among several tape units as in Kennedy 
System 9000. If a customer wishes to build his own 
PE electronics, licenses are available to use Ken- 
nedy Company designs, thereby saving a considerable 
amount of engineering time. 
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SUMMARY OF SAFETY PRECAUTIONS 
Power Connections: 


CAUTION 


Before connecting the unit to the power source, make 
certain the line voltage is correct (either 115 vac or 
230 vac) and that the ;pcoper fuses have been 
installed. Proper fuse ratings sre indicated on the 
rear of the unit. 


Troubleshooting: 
CAUTION 


Turn power off before removing or installing PC 
boards. 


RECOMMENDED TOOLS/TEST EQUIPMENT 
In addition to normal electronic tools and test gear 


(an oscilloscope, voltohmmeter, etc.), the following 
items should be available for service and repair. 
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Vacuum test box, Kennedy PN 154-0041-001 

Spanner wrench, Kennedy PN 154-0042-001 

Set of nut drivers or ‘open end wrenches, Phillips and 
standard screwdrivers 

Capstan puller, Kennedy PN 154-0043-001 
Skewmaster tape, Kennedy PN 154-0036-001' 

Card extender, Kennedy PN 190-2224-001 
Maintenance kit, Kennedy PN 190-2324-001, 


_ containing: 


Head cleaner 

Hex socket keys - 7/64, 5/32, 1/8, 3/32 
Lint-free swabs 

Reflective marker strips 

Magnasee visualizing solution 

Loctite grade H 


Optional maintenance tools: 
Extension hose set, Kennedy PN 154-0044-001 
Blower extension cord, Kennedy PN 154-0045-001 
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REASON FOR CHANGE: 


This PSN describes precautions to be taken when making read skew adjustments 
on Kennedy Model 9100 Tape Drives. The precautions have been necessitated by 
the fact that the normal adjustment procedure can result in a mslegdene 
indication of proper head alignment. 
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INSTRUCTIONS: 


Please insert the following pages in the rear of the Maintenance Manual for 
the Kennedy Model 9100 Tape Drive (Wang part no.729-0249-A). 


This page is to be used as a permanent record of revisions; place it directly 
following the title page. 
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When making a read skew adjustment on the Kennedy Model 9100 tape drive 
(see section 4.20 in the Model 9100 Operation and Maintenance Manual) it has 
been a common practice to check the read head skew by observing channels 4 and 
5 at the Read Preamplifier test points with an oscilloscope while running the 
skewmaster tape. If head misalignment is bad enough, channels 4 and 5 may 
appear to be in phase when, in fact, they are 360 degrees out of phasc. This 
condition is illustrated in Figure 1. Therefore, since checking only channels 
4 and 5 can give misleading results, be sure to check all channels for proper 
waveform alignment. 


It has been discovered in a number of cases that forcing the skew 
adjusting screw has resulted in the threads on this screw being stripped. 
Therefore, it 1s strongly recommended that the head mounting screw be slightly 
loosened before attempting head alignment. The tape head cover must be 
removed in order to access the head mounting screw. Care must then be 
exercised to watch that retightening the head screw after the adjustment does 
not throw the alignment off. Slight adjustments of the skew adjusting screw 
may be necessary while the head screw is being tightened. 


WARNING 


The skewmaster tape can be ruined by improper 
use. Please observe the following: 


1) Never. stop the tape at any other point 
than BOT or EOT. 


oe 2) Never Fast Forward or Fast Rewind. 
(Use the test panel to RUN FWD or RUN REV). 
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PROPER HEAD ALIGNMENT 
a (At Sunnie) 
| ( 
“vanes : ) IN PHASE 
! 
! 


DPIIT. MASTER SKEW TAPE 


\ 
ee HEAD ALIGNMENT 
CHANNELS 4 AND 5 ONLY 
IN PHASE (360 DEGREES OUT) 


Figure 1 Read Skew Adjustment Precaution 
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REASON FOR CHANGE: 


This PSN outlines a procedure which may be used for analyzing permanent read 
errors on multi-tape systems which employ Kennedy Model 9100 tape drives. It 
is to be used in conjunction with the Operation and Maintenance Manual for the 
Kennedy Model 9100. 
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INSTRUCTIONS: 


Please insert the following pages in the rear of the Maintenance Manual for 
the Kennedy Model 9100 Tape Drive (Wang part no.729-0249-A). 


This page is to be used as a permanent record of revisions; place it directly 
following the title page. 
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Troubleshooting permanent read errors on multi-tape systems must be 
performed with a logical and systematic approach, if success 1s to be 
achieved. The following information outlines a procedure which may be used to 
analvze permanent read errors. It is to be used in conjunction with the 
Operation and Maintenance Manual for the Kennedy Model 9100 tape drive. 


Customer cooperation is important when PERMANENT READ ERROR 
analyzing permanent read errors. Request the 


customer to furnish the following: 

1. Failing tape (ask customer to mark the tape 

reel at the approximate area of failure). NO 
Address of the unit on which the tape was 

written. 

3. Address of the unit on which the tape 

failed to read. YES 
Job on which the failure occured. 


i) 


i~ 


READ TAPE ON TAPE UNIT 
Even if you cannot recreate the reported error, WHERE FAILURE OCCURRED 


log all available data for future reference. 

Include the following in the log: 

1. Address of the unit on which the tape 
was written. 

°. Address of the unit on which the tape 
failed to read. 


3. Tape reel number. 
hy Workstation messages defining failure. 
5. Error log output for the interval involved. NO. 


In addition, ensure that proper error recovery 

(User Error Exit) programming is used, mode YES 
selection ts correct, and the tape cleaner blade 

Is not worn out or improperly adjusted. Notify 

the customer of heavv oxide accumulation on the 

blade, worn tape, external sources of contamination 

or any other factor detracting from tape reliability. 

Initiate corrective action with the customer. 


LOCATE AND MARK FAILURE 


WITH FELT PEN — READ TAPE 
ON ANOTHER UNIT 
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Developing Tape is a valuable aid in 
analyzing such permanent read errors. Use 
extreme care when developing damaged tape. 
Further damage will make analysis of the 
original read error extremely difficult. 
Magnasee and Visimag are brand names of two 


developers. WLI # for ordering developer is 660-0232. YES 


DEVELOP TAPE 


Use cellulose (scotch) tape to transfer the 
developed record to white paper or to a piece 
of clear plastic for viewing in a microfiche 
viewer. Because of the viewer's magnification, 
measurements taken from the viewer must be 
corrected. For example, if the viewer had a 
magnificatin of 30X, the measurements taken 
from the viewer must be divided by 30. For 
instance, a 0.8 inch (15.2mm) IBG would occupy 
18 inches on the viewer. A 40 character PE 
zeros burst occupies 0.75 inches (19mm). 
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RETURN TO ORIGINAL 
TAPE UNIT 


If the read failure occurs on only one tape unit, there may be a tape 
problem on that unit. If only two tape units are checked, the tape unit that 
does not fail to read the tape could be the one that wrote it. Try other tape 
units, if available, to confirm your diagnosis. 


If more than one tape unit fails while reading a tape, a bad record is 
probably present. If the tape reads properly only on the unit that wrote the 
tape, check that unit for proper mechanical skew and ensure that the Read Pre- 
amplifiers are adjusted correctly. 


Retain the falling tape until you have identified the problem. Some 


conditions that could cause a single tape unit to fail to read a given tape 
are: 
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Incorrect Read Preamplifier adjustment. 

Dirty, trenched or defective read-write head. 

Faulty capstan motor. 

Poor tape tracking. 

Excessive mechanical skew. 

Defective read electronic circuits. 

Incorrect power supply voltages or ripple. 

Electrical resistance to frame ground (should pass ESD test). 


1 
Ze 
3 
4, 
Die 
6 
5 
8. 


VISIBLE 
DAMAGE ? 


NO (D) 


YES | 
| 
Tape damage at the point of a permanent read error is not necessarily the 
© sole cause of the error. Although the block could have been written over 


previously damaged tape, correct machine operations and micro-program in the 
formatter should have prevented this. 


Analyze the damaged area and its relationship to the adjacent blocks by 
developing the tape. Try to identify patterns by analyzing several permanent 
errors. When developing the tape, look for: 


Short Gap. A slightly shortened gap within one block of the damaged spot 
could indicate that a write error was properly detected but no Erase Record 
Gap (ERG) was performed. When a hard write error is detected, the formatter 
should backspace one record, then erase 3.75 inches of tape and try again. If 
backward creep occurred during several attempts to write the same block, the 
damage could move outside the block and eliminate the writer error. The 


previous Inter Block Gap (IBG) may now be so short that the block cannot be 
read, or part of the preceding block may have been erased. 


Tape Damage in Erased Gap Area. If a write error was detected and the tape 


was properly erased over the damage, check the ability of the read routine to 
handle the noise block. 


Tape Damage at End of Block (Block appears to be too short). A write error 
was detected but complete dropout due to tape damage prematurely stopped the 
backspace operation. An erased gap follows the remaining partial block. 
Contaminated Read-Write heads may aggravate the condition. 


Tape Damaye in Beginning Zeros Burst (PE Only). An undetected write error 
caused a permanent read error. This usually occurs where a rewrite in place 
causes the block to creep forward until the damage is in the very beginning of 
the block. This may prevent detection of the write error. 


Tape Damage in Middle of Data. Check the tape formatter's ability to detect 
write errors. 


Tape damage consists of small spot or oxide void in one or more tracks or 
a creasing of the tape. The defect may have occurred after tape was written. 
The tape formatter should be able to correct for a void within a single track 
during a read operation. 


All the problems listed under Damaged Tape Errors can be reduced by 
convincing the customer to dispose of bad tapes. Well adjusted tape units 
complemented by good tapes should run with few permanent read errors even on 


damaged tape. Throughput may be greatly reduced due to retrys, but failures 
should be soft. 


Since permanent read errors also result from damage after the tape is 
written, emphasize careful tape handling. 


Analysis of IBG in Developed Tape 


A short IBG can be due to tape slippage at the capstan, or a problem in 
the IBG generation circuit. 


Information or noise written in the IBG. Several causes are: 


a. Erase head polarity is reversed. An incorrectly wired erase head can 
cause a single all-bit "splash" in the IBG. 

b. The tape is written on another manufacturer's system. If tape causing 
errors was written on a non-Wang system, verify read preamplifier 
settings and skew adjustments. 

c. An open erase head. If the erase head is open, the tape will be 


erased in longitudinal stripes, with a hazy area between the write 
head tracks. 


When viewing a tape block on the microfiche viewer, extreme cases of bit 
packing due to velocity variations while writing may be seen. 


If PE, examine the zeros bursts (the grey high frequency area at both ends 
of the block) and the ones marker (the first straight dark line through 
all tracks). The beginning and ending burst should be the same length. 
Partial blocks can be caused by failing IBG detection circuits. 
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EXAMINE FAILING 
AREA OF TAPE 


ERROR 
VISIBLE 7 


YES REPAIR CAUSE 
OF DAMAGE 


NO 


SCOPE FAILING BLOCK 


USING IPLable ASSEMBLER 
PROGRAM 


Use an IPLable assembler program to scope permanent read errors. 


Locate the failing block with the program. 


Set the program up to space backward and then read the failing block 
repetitively. 


NOTE 


Detailed observation of a PE block is difficult 
due to normal distortion of the PE signal and the 
high amount of skew the PE detection circuits can 
tolerate. Examine several tracks at a comparable 


point, looking for noticeable differences in 
levels and waveforms. A record containing 


excessive phase shift is usually indicated by VCO 
checks. Check the tape unit that wrote the tape 
for a possible defective write amplifier. 


The purpose of scoping a permanent read error is to locate the failure 
within the block and determine the cause. If you ‘cannot determine the cause 
of the permanent read error, save the tape and any information you have 

gathered for use by your district or area technical specialist. A permanent 
read error can cost the customer considerable reconstruction and rerun time, 
especially if the tape was written a month or more prior to the time of 

reading it. There should be NO undefined permanent read errors. 
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SECTION VI 


WIRING AND SCHEMATIC DIAGRAMS 


This section contains the wiring diagrams, schematic Electronics symbols used in the drawings conform 

diagrams, and circuit descriptions for the individual to MIL-STD-15. Abbreviations conform to MIL-~ 
circuit cards used in the transport. The schematics STD-12 unless otherwise specified. Logic diagrams 
are arranged by functional group as shown below. conform to MIL-STD-806C. 


Model 9100 Wiring Diagram 
Overall Model 9100 Power Supply 
Type 5664 Masterboard 


Type 3843 Pushbutton Control 
Type 5655 Test Panel Switch) 
Type 3841 Control Terminator 
Type 6667 Sequence Control 
Type 5733 Ramp Generator 
Type 5719 Sensor Amplifier/ Driver 
Type 5655 Test Panel Switch (includes 
Type 3864 LED Panel 
Type 4568 Cycler 
Type 4865 Test Panel) 
Type 4013 Connector Board 


Control Electronics 


Type 6666 Servo Preamplifier 
Type 5670 Braking Board 
Type 5672 Resistor Board 


Servu 


Type 3935 Read Preamplifier (45 ips models) 

Type 5728 Read Preamplifier (75 ips models) 

Type 4385 Quad Read Amplifier 

Type 6385 Quad Read Amplifier 

Type 4365 Dual Density Control 

Type 5771 Delay Timing (7 track models) 

Type 4367 Dual Density P Channel/Clipping Control 
Type 6367 Dual Density P Channel/Clipping Control 


Read Section 


Dual Density Write Section 
Type 4366A/4368A Write Amplifiers (45 ips models) 
Type 5366/5368 Write Amplifiers (75 ips models) 
Type 3860 Data Terminator 


Type 3842 Interface Control 
Model 9100 Tape Motion Controls (includes 
Type 5665 Main Control Panel 
Write Section : 
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CIRCUIT CARD IDENTIFICATION 
FUNCTION 


READ/WRITE SECTION 


S CHANNEL WRIT™ AMPLIFIER 
4 CHANNEL WRITE AMPLIFIER 
DATA TERMINATOR 

QUAD READ AMPLIFIER 

QUAD READ AMPLIFIER 

DUAL P CHANNEL/CLIPPING 
DUAL DENSITY CONTROL 


“NOUN SS G) AO 


8 CONTROL TERMINATOR 

9 INTERFACE CONTROL 

10 PUSHBUTTON CONTROL 

11 RAMP GENERATOR 

12 SENSOR AMPLIFIER/DRIVER 


MODEL PART NO. INTERFACE 
9100 192-9100-081 STO 
SPEED DENSITY TRACKS 
75 IPS 800/1600 CPI 9 


MODIFICATIONS 
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NOTES TO SCHEMATIC SECTION 


Certain conventions have been observed In preparing 
schematics for this manual: 


1. Resistor values are given in ohms, If wattage 
{s unspecified the resistor may be either 1/dor 
1/2 watt. 
2. Capacitor values may be given in picofarads or 
microfarads. Those values for which neither 
designation {8s provided are assumed to be ob- 
vious from circuit function. Filter capacitors 
oncertain supply lines do not have logic signifi- 
cance. in general, they are not shown on sche- 
matics. On PC board silkscreens they are des- 
ignated as CF, 
3. Normally, IC power connections are on pins 14 
(+5v) and 7 (ground) for 14 pin packages, and 16 
(+5v) and 8 (ground) for 16 pin packages. Some 
ICs — 7476, 7492, 7493 for example — have power 
connections on pin 5 (+5v) and pin 10 (pround), 
Operational amplifiers in the 3 pin package have 
power connections on pin 4 (-Vec) and pin 7 
(+Vcc). Power connectlons are not shown unless 
they are nonstandard. 
4, Where multiple inputs are tled together only one 
pin may be designated on the schematic. 


56. Unused inputs that are tiedhighare not normally 
Indicated unless the connection has logic signifi- 
Cance, 

6. Fromand to designations are intended to describe 

Inputs and outputs only. The same signal may 

be connected to several other points not shown 

on a particular drawing, 

7. Abbreviations used in from and to designations 

are as follows: 


Cl Control Interface 

PBC Pushbutton Control 

RG Ramp Generator 

SA sensor Amplifler’ Driver 

DT Delay Timing 

RA/CL Read Amplifier/CHpping Level 
RA Quad Read Amplifier 

WA1 Four Channel Write Amplifier 
WA2 Five Channel Write Amplifier 


4. Positive logic is shown for all internal connec- 
tions, Interface connections are zeru true but 
the bar is omitted, 


Integrated circult: symbols contain a circuit 
designator that corresponds to the number silk- 
screened ontu the circult module above an under- 
lined number representing the IC type. 


The IC type number {s abbreviated and omits 
the portions of the manufacturer's type number 
pertaining to case and vendor identification, 
Further, since the TTL 7400 series makes up 
most of the circultry, the 7418 omitted on these, 
Thus n 00 designation indicates 1 7400 quad two 
Input NANI) pate. ‘IT. 1.'s complete part number 
[ls SN74UCN, In multifunctional units in close 
proximity to cachother the type designation may 
be omitted. The type designation may appear 
outside the symbol if the symbol ts too small, 


Military Standard sU6C is the base for logte 
svinbols, Additional conventions are shown be- 


low, 


Line Indicates buffer or power driver 


Triangle indl- 
cates response 
to edge (in this 
case positive) 


10. Semiconductor types on schematics may be re- 
placed by their functional equivalents. If not 
indicated, diodes are IN911, NPN transistors 


are 2N2714, and PNP transistors are MPS6517, 


11, Unless otherwise specified, light emitting diodes 
are FLV102 or equivalent, 


12. Module connector pins are shown as 


13, 


14, 


tee 


where no further connection {8s shown on the 
schematic, and as 


a; sa 


when there {8 a connection shown, 


Where an Input {8 represented by an arrow in- 
stead of a complete line, the input source ts 
designated. Where outputs are 80 shown their 
destinations may not be shown. 


Some schematics of modules include certath ex- 
ternal elements which aid in understanding the 


16, 
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circuit function. In this case al! the connections 
to the element may not be shown In the I{nterent 
of clarity. 


designates atest point provided onthe 
module, Letters proceed from top to 
bottom of card with the ¢round test 

wee point, if present, as the bottommost 
terminal, 


Socket terminals are designated with numbers 
for component side connections and letters for 
circuit side connections when a double sided 
socket is used. These ure the designations on 
the socket. Whena single sided socket is pro- 
vided, all connections e1e designated by letters 
regardless of which side of the board they leon 
the etch. Letters follow the 22 pin alphabet, 
ABCDEFHJALMNPRSTUVWXYZ; numbers are 
1 through 22, 


- 
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MODEL 9100 POWER SUPPLY 


CIRCUIT DESCRIPTION 


Besides providing the regulated and unregulated 
voltages required to operate the tape transport elec- 
tronics, the power supply contains several switches 
and relays required for controlling the sequence of 
operation, Separate low voltage and high voltage 
power transformers are used. All regulated volt- 
ages are derived from the low power transformer. 
Output from the high voltage transformer ts supplied 
to the reel servos and capstan Servos, 


SEQUENCE OF OPERATION 


When the power Switch pushbutton on the front panel 
is pressed, plus end minus 18 vde from transformer 
Ti's full wave bridge actuates relay K4, switching 
ac to solid state switches SS1 and SS2. However, no 
ac can reach the vacuum blower motor until relays 
K5 and K6 are actuated to make the switch Triacs 
conductive. This happens when the LOAD pushbutton 
is pressed, §S1 will now provide power to the vac- 
uum blower motor, while SS2 supplies ac to the high 
voltage transformer, T2. 


HIGH SPEED RELAY K&8 


During fast forward or rewind modes, plus and minus 
382 vde {Ss required to run the reel motors for 200 ips 
high speed operation, To develop this voltage, high 
speed relay Ks {is closed by amplified output from 
the capstan tachometer whenever motor speed ex- 
ceeds 130 {ps. (See high speed relay output signal 
on the Servo System schematic. ) 


Plus §vde and minus 4 vde is now applied to the sec- 
ondary center taps of the high voltage transformer, 
This transformer's output voltage now increases 
from plus and minus 24 vde to plus and minus 32 vde 
for high speed operation, 


SERVO ENABLE RELAY K1 


Connected {n parallel with power switch SW1, this 
relay remains closed for some time after power is 
Shut off. This permits the sequence control to finish 
the command sequence required for shutting down 
the tape transport, 


ee 


TYPE 4362 POWER SUPPLY REGULATOR 


This circuit develops +10 vde, -10 vde, and +5 vde 
regulated voltage from the +18 vdc, -18 vde, and +8 
vdc unregulated voltages developed by transformer 
Ti's two full wave bridges. 


+10 VOLT REGULATOR 


Pass transistor Qs is fed from +14v and its base is 
driven by a monolithic regulator 1C2. Voltage output 
is determined by R8 and R9, Q7 and Q8 control power 
supply tracking when powering doWn. As +18v drops 
owing to dischargeof Cl, Q8 cuts off at approximately 
13 volts on the +18v line. When this happens Q7 ts 
turned on shorting out R9 and dropping the regulator 
reference voltuge to zero, The +10v output is cut off 
and drops to zero. Since +10v is the reference for 
-10v, -10v also drops to zero. This action occurs 
before the +5v supply has dropped sufficiently to 
cause indeterminate logic states; turn-off transient 
motions are prevented. 


-10 VOLT REGULATOR 


The -10v supply is regulated by pass transistor Q4 
driven by Q6. Its reference is +10v as determined 
by R13, R14. In this way the two regulated voltages 
are made to track each other. 


+5 VOLT REGULATOR 


An integrated circuit regulator ICl controls +5v out- 
put in conjunction with pass transistor QJ anddriver 
Q2. Output voltage is set by R4, R5. The internal 
circuitry of [1C1, IC2 consists of a differential ampli- 
fier with built-in zener reference, together with 
factlities for short circuit protection. Q2 assures 
that suffictent base drive is available for Q1. 


SHORT CIRCULIPE PROTECTION 


Drop-through series resistors, for example R10 {n 
the -10v supply, provide short circuit protection, If 
the drop across R10 exceeds approximately 0, Gv, 
(5 is turned on, connecting Q4 base to emitter and 
cutting off Q4. This corresponds to approximately 
1.5amperes under short circuit conditions, Similar 
circuits are provided in C1 and 1C2. 


i 
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TYPE 3842 INTERFACE CONTROL 


CIRCUIT DESCRIPTION 


This module contains a set of receivers for the {nter- 
face contro] commands: 


SYNCHRONOUS FORWARD SFC 
SYNCHRONOUS REVERSE SRC 
OVERWRITE OVW 

REWIND RWC 

SELECT SLT 

SET WRITE STATUS SWS 

OFF LINE OFFC 


It also contains drivers that return the recorder 
status outputs to the interface: 


ON LINE ONL 
REWINDING RWDG 
FILE PROTECT FPT 
LOAD POINT LP 
WRITE ENABLE WEN 
READY RDY 

END OF TAPE EOT 
TAPE RUNNING TNG 


Certain controls and delays are also provided to en- 
sure proper tape motion and transport operation, 


TAPE MOTION CONTROLS 


The motion control commands from the interface, 
SFC and SRC, are translated on this card into the 
internal motion commands of the transport — RUN 
NORMAL RNN, FORWARD FWD, and REVERSE 
RVS. These internal motion commands are supplied 
to the Pushbutton Control module, where they are 
combined with commands supplied from the trans- 
port pushbuttons and internal interlocks to generate 
the commands that initiate actual tape motion on the 
Ramp Generator module, 


On this module SFC and SRC are supplied to an inter- 
locking network that ensures that the tape comes to 
a stop before tts direction of motion is reversed. 
The interlocking network includes flip-flop [C1-3, 
edge circuits [C2-6 and 1C2-8, NAND gate [C3-6, and 
interlocking flip-flop IC3-10. Whenever flip-flop 
IC1 changes states due to a change in the direction 
of motion, for example from a reverse command 
SRC to a forward command SFC, its output generates 
a pulse through the edge circuits consisting of invert- 
ers IC2 and the associated capacitors. The pulse is 
gated through IC3-6 to the set input of interlocking 


flip-flop IC3-10. The flip-flop can be set only {f 
TAPE RUNNING TNG is true, {ndicating that the tape 
is still moving. In this case TNG low at input pin W 
is inverted by 1C18-12 and supplies a high Input to 
the clear of IC3. The flip-flop can then be set by 
the pulse on its set input, its 0 output going low. The 
0 output of IC3 then inhibits the RUN NORMAL gate 
IC15 at pin 2, setting RUN NORMAL RNN false. 
After the tape has ramped down to a stop, TAPE 
RUNNING TNG goes false, clearing interlocking 
flip-flop [C3, whose output then enables the RUN 
NORMAL gate. RUN NORMAL RNN then goes true 
if the following conditions are satisfied: SELECT 
SLT1 is true, indicating that the transport is on line 
and selected by the interface; BUSY BSY is false, 
indicating the transport is not rewinding or searching 
for load point; andSRC command is not given at load 
point. (This would activate NAND gate IC15-8 and 
would disable the RUN NORMAL gate at [C15-1.) If 
the above conditions are satisfied, RUN NORMAL 
RNN goes true at output pin V, and is supplied to 
the Pushbutton Control module where it initiates 
tape motion at the normal running speed, The direc- 
tion of motion is determined by the state of flip-flop 
IC1. If a forward command SFC has been given, the 
flip-flop is set and its 1-output enables NAND gate 
1C14-8, provided that SLT1is true and BSY 1s false, 
This generates FORWARD FWD true at output pin U. 
If a reverse command SRC has been given, flip-flop 
[C1 {s cleared and enables NAND gate IC14-6, gen- 
erating REVERSE RVS5 true, providing SLT1 is true, 
BSY is false, and LOAD POINT LP ts false, No 
Interface reverse command 18 acknowledged by the 
transport when the load point is detected. 


WRITE SELECT 


During a write operation the interface supplies SET 
WRITE STATUS SWS true at pin K; SWS ts Inverted 
by IC9-4 and is supplied to the 1 input of flip-flop 
IC7,. The flip-flop is toggled provided that the trans- 
port is selected and on line, after NOR gate 1C1-11 
isactivated by asynchronous motion command, ‘This 
would activate NANDgateIC1-8 and trigger one-shot 
IC4d-1, generating a 2 usec pulse. On the trailing 
edge of the pulse the Q output of the one-shot toggles 
IC7-3, the Q output of the flip-flop going high and 
activating NAND gate [C10-11, generating WRITE 
SELECT WSELtrue at output pin ll, During an over- 
write operation OVERWRITE OVW true is inverted 
by IC18-8 and sets the 1D input of flip-flop IC7-12 


high. On the trailing edge of the pulse generated by 
one-shot IC4=4 the flip-flop 's set and enables NAND 
gate 1C8-12, One-shot [Cu-4 also direct-sets flip- 
flop IC11, whose Q output enables the overwrite gate 
at I1©8-9. If write status is true, the gate is enubled 
nt 1C8-13 and it is kept activated as long as a syn- 
chronous motion command is activating NAND gate 
IC1-8, IC8-8 then goes low and supplies WSEL for 
the duration of the motion command only. Whena 
WRITE AMPLIFIER RESET pulse is given at pin P, 
it toggles flip-flop IC11 to the cleared state and dis- 
ables the overwrite gate. 


REWIND FLIP-FLOP 


When a REWIND COMMAND RWC 1s given by the 
interface, it gets the rewind flip-flop [C5-3, provided 
that the transport {8 selected, on line, and not at 
ioad point. The l-output of the flip-flop then goes 
high, generating REWINDING RWDG true to the In- 
terface, and a rewind command RWC1 through an 
edge circuit consisting of inverter IC6-6, NAND 
gate IC6-8, and capacitor C5. RWCT is supplied to 
the Pushbutton Control module, The flip-flop is 
cleared when the tape re.irns to and stops at load 
point, or when BROKEN TAPE BKN {s detected. 


END OF TAPE 


An endof tape indication is set when the FOT marker 
{8 encountered in forward direction and remains set 
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until the marker is passed {n the reverse direction, 


A true EOT signal at pin 2 {f machine status {8 
RWDG (1C10-5,8) and RVs (IC1L4-6) causes [C11 to 
be preset by [C19-8, An FOT status {8 then signaled 
at the interface by 1C16-3. 


Upon passing the FOT marker {n the reverse direc- 
tion [C13-3 {8 high and the FOT signal clocks [C11 
clear on the trailing edge of the FOT signal dropping 
the EOT signal at the interface, [C11 is preset to 
the clear state by BKN signal at pin X. 


OUTPUT STATUS 


Most status gates on this module are preconditioned 
by SELECT and ON LINE being true; consequently, 
the transpurt returns status indications only when it 
is selected and on line. The READY status {s gener- 
ated when BUSY BSY supplied from the Pushbutton 
Control module is false and the transport is not re- 
winding. The LOAD POINT output {8 also precon- 
ditioned by the rewinding status being false. ‘The 
only status gate not preconditioned is the rewind 
via the REWIND pushbutton. If the pushbutton {s 
used to rewind, that status is made available to the 
interface without being selected and on line, 
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TYPE 4842 INTERFACE PC BOARD 
CIRCUIT DESCRIPTION 


This board contains recelvers and gating cireults for 
developing tape transport commands from ineoming 
controller commands, I[t also contains line drivers fo 
outputting tape transport status commands to the 
controller. In addition, type D flip-flop IC10 outputs 
EBDIS/, the Erase Bar Disable signal required during 
tupe editing, 


Tape Motion Control Circuitry 


SFC, SRC, FAST tape motion commands from the 
controller are translated into Internal tape transport 
motion commands RNN/, RNF/ and RVS/ by quad 2x1 
multiplexer IC15. These Internal commands are 
supplied to the Pushbutton Control tmodule where 
they are combined with commands from the trensport 
pushbuttons and the internal interlocks to develop the 
actual tape motion commands {ssued to the 
transport's Ramp Generator PC board. 


SRC, SFC and FAST are supplied to an interlocking 
network on this PC board to insure that tape motion 
ceases prior to accepting a new direction command. 
The interlock network consists of a high frequency 
sampling oscillator (IC11 and related components), 
and a directional interlock flip-flop (C14 and related 
components) to select and generate the appropriate 
RUN NORMAL. KUN FAST and REVERSE signals 
required by the transport. The oscillator monitors 
the state of TNG/ (Turning) signal. This signal 
disables oseillator output when the capstan js turning 
and enables oscillator output when tape and capstan 
motion ceases. 


Table t indieates the controller inputs and interfaee 
board outputs required to initiate a piven taupe 
motlon. 


To generate RNN true for forward tape motion, SFC 
(Synchronous Forward Command) from the controller 
must be true. This is supplied to the D input of 
interlock flip-flop [Ct4 and pin 3 of multiplexer IC15. 
After capstan) motion ceases, TNG/ goes false, 
enabling the high frequeney oseillator at ICLL. pin 3 
to clock out Q high at lCl4-5. This is applied to 
multiplexer TC15-f to seleet its Binputs, Sinee SEC 


Tape Mode Controller Command 


SUC true 
SRE true 
SEC true § FAST true 
SRE true © FAST true 


Porward 
Reverse 
Past Forward 
Fast Reverse 


high Is applied to the 1B input of the multiplexer, the 
output at IC15-4 goes high. This {ts inverted low at 
Inverter IC16-11 to produce RNN/ (Run Normal) true 
at pin V. 


Should the Synchronous Reverse Command (SRC) be 
Issued to the transport, it will not be able to produce 
a RVS/ transport command until capstan rotation 
eenses, SRC true is gated with LP/ false to enable 
IC6-6. IC68-6 high is applied to Inputs 1A and 2A of 
the multiplexer. After tape motion stops, TNG/ false 
enables the sampling oselllator, clocking the Q output 
of IC15-5 low, since SFC would now be low false 
after inversion at I1C14,. IC15-1 of the multiplexer 
goes low, selecting the A multiplexer inputs. 1C15-4 
again goes high to Issue RNN/ true at pin V IC15-7 
also goes high and is inverted low at IC16-3 to 
produce RVS/ true. 


Fast forward tape motion does not require a stopped 
tape, {f u direction ‘change {s not required sinee the 
requisite RNN true is routed back to pin 11 of the 
multiplexer IC and output whenever the A jnputs are 
selected by ICl4-5 low. IC15-9 goes high at this 
point, making NAND gate [C16-10 high. FAST true 
from the interface will enable IC16, which outputs 
RNE/ true at pin U. RNN/ at pin V will also be true 
as required by the ramp generator for fast forward 
tape motion. When the End of Tape mark is reached, 
EOT/, connected to pin 10 of the multiplexer, will go 
low true, cuusing IC15-9 to go low to disable @ run 
lust operation (now being interpreted us normal run). 


Fast reverse tape operation Is initiated by gencrating 
RNN/ true, RNF/ true and RVS/ true. Thus, the 
controller must issue SRC true and FAST true. After 
capstun rotation ceases and T'NG/ goes false, Q low Is 
clocked out of IC14-5, selecting the B multiplexer 
inputs. ‘Then RNN/, RNF/ und RVS/ at pins V,U and T 
all go low true. 


Tape motion will be disabled whenever BSY true or 
SLT/ false signals ure issued. This would disable 
NAND gate ICJ-6, resulting tna high false STROBE 
signal at ICL5-15, whieh disables all multiplexer 
outputs. 


Interfuece PCB Output 


RNNetrue 

RNN/true | RVS/true 

RNN/true + RNE/true 

RNN/true # RNE/true ) RVS/true 


Table 1 


Write Select 


Control of the write amplifier is performed by SWS 
(Set Write Status), OVW (Overwrite) and internally 
generated WARSI (Write After Read Strobe) signals 
which generate WSEL/ (Write Select) and EBDIS/ 
(Erase Bar Disable), WSEL/ and EBDIS/ are output to 
cde sensor amplifier and pushbutton control cards. 


A sampling seheme is employed to permit the 
interface to issue tape motion and WSEL commands 
sinultaneously. RNN/ true and RNN true are delayed 
16 and 8 usec respectively by RC networks R8/C1 and 
R9/C2 prior to being applied to Schmitt trigger 
NAND gate IC13. As a result, [C13-8 outputs an 
approximate 8 usec low clockpulse to the sampling 
flip-flops and the preset of IC8. Thus the write 
commands are sampled 15 to 20 usec after the 
leading edges of the tape motion commands, allowing 
the controller to output tape motion and write 
amplifier commands simultaneously. 


Set Write Status (SWS) true Is loaded into the D input 
at IC10-12 from 15 to 20 usee after RNN goes true. 
SWS high true and EBDIS high false are applied to 
AND/OR Inverter IC9 at pins 9,10 and 11, producing 
WSEL/ true at [C9-8. OVW will be false during a 
normal write operation. 


Note that WSEL/ {s not reset on termination of a 
motion command; instead it Is only sampled at the 
beginning of a motion command. This avoids 
potential glitches from being written while writing 
consecutive blocks, since the write amplifier is not 
being constantly turned on and off during this 
operation. 


Overwrite 


Overwriting or editing is performed by backspacing 
over the block to be rewritten to determine its exact 
length then presenting OVW true and SWS true 
concurrent with the beginning of & run command. 
This sets the Q outputs at IC10-9 low false and IC10- 
o true. Reset flip-flop 18-9 is also set high true. 
AND/OR inverter 9 is enabled. outputting WSEL/ 
true for the duration of the overwrite operation. 
Note that Erase Bar Disable (EBDIS/) true is output 
to the sensor amplifier from pin 18 during an 
overwrite operation which disables (turns off) the 
upstream erase bar. 


After a bloek is written in NRZI format, WARS poes 
true ato the weite amplifier to produce an ERO 
Character, then WARST true ois issued) to the 
Interface, topeling TO8-9 false to disable Write Select 
and turn off the write current before writing: can 
eontinue mito the next data bloek. 


Rewind and Unlond 


The rewind status flip-flop is a SR flip-flop lev und 
related circuitry, A Rewind Command (RWC) is 
aceepted whenever the tape ts not at foad pomt (LP 
false). 1C7-8.2 vo high, eausing RWG true status 
signal to be output to the interface through driver 
5-6. Simultaneously a 5 usee RWC true pulse ts 
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output from Sehmitt trigger NAND gate ICHL-11. 
RWC is output to the Pushbutton Control PC board 
to set the REWIND flip-flop. The pushbutton control 
card then issues a RWDGI true level whieh Is applied 
to 17-10 to keep the rewind status flip-flop vet. 


When the tape rewinds to loudpoint (LP true) and 
capstan motion ceases (TNG/ true), or a broken tape 
is detected (BKN true), the rewind status flip-flop is 
cleared. [C%-11,12 goes high, whieh is applied to 
AND gate IC6-12. If the unit is selected, online, and 
not busy, [C6 and [C13 will be enabled to return a 
RDY true status signal to inform the interface that 
the transport Is ready fur the next data and/or tape 
motion command. 


During an unload operation, the tape is) slowly 
rewound off the takeup reel. ‘To aceomplish this, 
UNLD/ true is issued from the controller, UNELD/ 
true is inverted high at [C4-12; then gated with SLT 
SLT and ONL, or just UNLD/ itself. (This) is 
determined by the strapping of STI/ST2: See table on 
schematic.) The high output at IC6-8 is inverted low 
by IC4, then used to set unload flip-flop [C8 at pin 4. 
IC8-5 high is gated at [C11 with IC7?-11,12 high, 
which indicates the transport is not rewinding. IC11- 
6 outputs UNLOAD/ true for vacuum column 
9100/9300 transports. Strap STS is connected on 
interface PC boards used in 9100/9300 transports to 
output UNLOAD/ true to the Sequence Control PC 
board through pin 7. 


With strap ST3 installed, RVS and RNN/ true signals 
are output to the Pushbutton Control PC board on 
9000/9700 transport through pins V and TT. A BKN 
true status signal will clear both the rewind status 
and unload flip-flops, when the tape completely 
unloads. 


Diodes CR3/CR4 at pins 10 and 12 cause UNLD/ true 
from the interfuce to initiate a rewind operation if 
the tape was not already at load point. The tape 
drive will also be taken offline (OFFC true) RC 
network R21/C7 delays SLT and ONL true signals 4 to 
6 usec to insure correet timing during this 
combination unload-rewind-offline operation. 


LOT Flip-Flop 

ICl4 is the EOT flip-flop whieh outputs EOT! high 
true status signal to the Pushbutton Control PC board 
whenever the KOT tub has been detected. LOT true 
also is gated with SLT and ONE true at ICL, then 
returned to the interfaee via pin Uas KOT. EOT low 
false trailing edge from the Sensor Atnplifier clears 
ld by cloeking the flip-flop if and only if a reverse 
motion conmmmand is initiated. (EOT is delayed by 
R1O-C3 for PTL timing considerations.) EOTL at 
ICl4-8 now goes false. Load Point true or Broken 
Tape true, whieh are applied to preset pin 10, will 
ulso clear the EOT flip-flop. 


Status Gates 


AT] status gates on this PC board ure preeonditioned 
by SLT and ONL being true. The gating of these 
Signals is self-explanatory. 
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MODEL 9100 TAPE MOTION CONTROLS 


CIRCUIT DESCRIPTION 


This schematic shows the Type 6665 Main Control 
Panel and the Type3843 Pushbutton Control card, as 
well as blocks of the Sequence Control, Interface 
Control and Test Panel Switch to illustrate the inter- 
connections between these modules and the other tape 
motion control circuitry, 


The Pushbutton Control card and the Sequence Con- 
trol contain the circuitry required to perform the 
motion commands issued from the Interface Connec- 
tor or by the Main Control Panel pushbuttons, The 
Pushbutton Control card generates RUN NORMAL 
RNN1, RUN FAST, RNF1, and REVERSE (RVS1) 
which are supplied to the Ramp Generator. Here 
the tape motion signal from the Pushbutton Control 
card is converted to an analog voltage for controlling 
the capstan servo on the Type 6666 Servo Preampli- 
filer module, 


The ON LINE pushbutton on the Main Control Panel 
{8 connected to the ON LINE flip-flop on the Push- 
button Control card. The LOAD and REWIND push- 
buttons are processed by the Sequence Control prior 
to being applied to their respective flip-flops on the 
Pushbutton Control board as negative true signals, 


LOADING 


When LOAD true {s output from the Sequence Control, 
{t grounds the input to inverter 1C12-1, setting the 
LOAD flip-flop consisting of NOR gate 1C13-6 and 
inverter I[C12-1. Once the LOAD flip-flop is set 
IC13-6 goes low. This signal is inverted at IC12-4 
to remove the direct-clear from ON LINE flip-flop 
IC10-3. Thus the ON LINE flip-flop can be set only 
after the transport has been loaded. When the ON 
LINE pushbutton ts activated the first time, it toggles 
IC10-1 to the set, or ON LINE, position, The ON 
LINE flip-flop can be cleared by pressing the front 
panel pushbutton a second time, or by an interface 
OFF LINE COMMAND (OFFC1) supplled from the 
interface control module. 


The REWIND pushbutton can be activated only when 
the transport Is off line. When activated, the RE- 
WIND pushbutton sets the flip-flop consisting of yates 
IC8-8 andIC8-6, provided that thetransportis loaded 
at the time and test mode {s not selected. Conse- 
quently the transport cannot be rewound by the push- 
button during test mode, or when on line, or when 
LOAD {8 false, 


When the transport is on line the REWIND flip-flop 
can be set by interface REWIND COMMAND (RWC1) 
true, supplied from the tnterface control module, 


The output of the REWIND flip-flop, REWINDING 
(RWDG1), activates NOR gates IC16-8 and IC14-6, 
generating RNF1 and RVS1 true to the ramp gener- 
ator module to initiate a fast reverse motion to load 
point. When load point ts detected the photosensor 
amp driver module supplies LPPULSE true to input 
pin H of the Pushbutton Control module, clearing the 
REWIND flip-flop. 


ADVANCING TAPE TO LOAD POINT 


The ON TAPE flip-flop, I1C10, locates tape position. 
Before the tape {s loaded, the flip-flop is cleared 
by LOAD false, which is inverted low by [C12-2 at 
IC10-8. When the transport is loaded the direct- 
clear is removed and NAND gate I[C14-11 goes high. 
Since the ON TAPE flip-flop is still cleared, its Q 
output high activates NAND gate IC14-8, generating 
RUN NORMAL (RNN1) at output pin Y to advance tape 
to load point. When the load point marker {s detected, 
LP true from the photosensor modulets gated through 
IC16-3 and direct-sets flip-flop IC10-7 to the ON 
TAPE state, terminating the tape motion, Similarly, 
when load point {s detected during reverse tape mo- 
tion, the ON TAPE flip-flop {s toggled by NAND gate 
IC16-11 to the clear state, initiating forward tape 
motion back to load point. 


BUSY 


This module generates a BUSY output when the tape 
is not loaded, when it is advancing to load point, or 
when the transport ts off line and not {n test mode. 
In any of these cases NOR gate IC 4-8 is activated and 
supplies BSY true through IC5-2 to the Interface 
Control module. 


WRITE READY 


WRITE READY true is generated in two different 
cases: when the interface supplies WRITE SELECT 
trueand the transport Is not in test mode (TM false), 
or when the transport is in the write test mode and 
flip-flop [C6-14 {8 set. In elther case NOR gate 
[C1-8 is activated, enabling NANI) gate IC4-5. The 
vate is activated provided that BUSY (BSY) tu false, 
FILE PROTECT (FPT) is false, and the transport {s 
not {n reverse motion (RVS1 is false). 1C4-6 then 


goes low, fa inverted by 1O5-12 and generates WRDY 
true at output pin d to the Write Amplifier module. 


TEST PANEL CONTROL 


Inorder touctivate the test panel the transport must 
be off line, and the test panel STOP pushbutton must 
be depressed. In that case the TEST MODE push- 
button on the test panel can be activated, setting the 
flip-flop consisting of inverters 1C11-8 and [C11-10, 
which {nh turn toggles the test mode flip-flop IC6-6 
to the test mode state, gencrating TM and TM true. 
The test mode flip-flop ts direct-cleared when the 
transport is placed on line, or when the TEST MODE 
pushbutton {8 act‘vated a second time. After the test 
mode flip-flop has been set the other test panel push- 
buttons are enabled. The WRITE TEST pushbutton 
may then be activated, setting the protective flip-flop 
consisting of inverters I[C11-4 and IC11-6, This tog- 
gles the write test flip-flop IC6-1 to the write test 
mode, provided that forward motion is selected, The 
Q output of the write test flip-flop then activates 
NOR gate [C1-8, which tn turn activates write ready 
gate IC4-5, provided that FILE PROTECT (FPT), 
REVERSE (RVS1), and BUSY (BSY) are all false. 
WRITE READY (WRDY) true ts then generated at 
output pin J to the Write Amplifier module, where 
it enables the write data strobe circuitry. During 
the write test the write amplifiers generate consec- 
utive all-1 characters which may be used to adjust 
the skew, 
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Additional teat panel pushbuttons are FW TREN: (at 
forwerd tun normal button), FAST FWP (a high speed 
forward button), HIEVICON, and CYCLE, ‘The reverse 
run buttonean beactivated only ff ON TAPE filpe flop 
[CLO th Bet and the tape ts not at load point. NAND 
gate lC3-dis activated, which In turnactivates NANI 
gate IC7-6 (when the ‘THMST MODE filp-flop is set) 
nnd sets the commonof the reverse buttons low, The 
forward motion commands are terminated when elther 
the STOP pushbutton ts activated, clearing the TEST 
MODE flip-flop, or end of tape is detected, in which 
ease KOTL true is Inverted by [CL7-4, disabling 
NANI) gate [C7-3 and setting the common of both 
forward motion buttons high. Similarly reverse mo- 
tion can be terminuted by activating the ATOR push- 
button, which terminates all test mode operations, 
or when load point is detected, in which case LP 
true {8 inverted by 1C17-3 and disables NANI) gates 
IC3-3 and [C7-6, This sets the common of the re- 
verse buttons high. ‘The Pushbutton Control module 
also drives the test panel indicators, Nghting the 
data lamp when any data ig being processed by the 
write/read electronics, illuminating the skew indi- 
cutor when the skew 1s out of adjustment, {lluminat- 
ing the EOT indicator when the transport is at end 
of tape, and illuminating the LOAD POINT tndicator 
when the transport is at the beginning of tape. 


The CYCLE function is fully discussed in the Type 
6665 Test Panel Switch circuit description. 
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TYPE 4843 AUTO POWER RESTART PC BOARD 
CIRCUIT DESCRIPTION 


(OPTIONAL PC BOARD) 


Introduetion 


When Incorporated in any of the Kennedy Model 9000, 
4100, 9300, 9700, YBDU, or 9832 reeorders. the type 
4843 Pushbutton Control module allows use of several 
factory optional features. ‘These funetions ure 
determined by optional straps and the use of 
components in the APR field. Not all funetions 
and/or combinations of such are available with every 
9000 series recorder. Refer to schematic 401-4843- 
001 and the dash number of your purticular 4843 
module for features that have been incorporated and 
tested at the time your unit was built. Due to the 
Interaction of several of these options the user is 
advised to consult the factory in writing if he desires 
to incorporate any additional optional features 
through field modification. Failure to do so invites 
the possibility of voiding the warranty of the 
particular recorder involved. 


The major optiona! features along with suggested 
usage are outlined below. (Reference Is made to 
schematic 401-4843-001.) 


ON TAPE (OT) 


Determined by the placement of option strap 1. If 
this option Is specified at the time of factory order, 
the operator cannot place the tape unit on line until a 
reel of tape {ts loaded and positioned at or past the 
BOT tab. 


ONLINE LOCK (ONLL) 


Determined by the placement of option strap 2. 
When speelffed at the time of factory order, this 
feature prevents the operator from manually taking 
the tape unit off [ine via the front panel switch, 
unless the taupe controller has allowed him to do so. 
This signal is not normally gated with seleet and Is an 
Input signal line on interface connector J1-A. 


FAST (FST) 


Determined by diode (CR2 and « special control 
Interface module. When specified at the time of 
factor, order, this feature allows interface control of 
high speed forward and high speed reverse motion of 
tape. Tt is used in conjunetion with the Synehronous 
Forward, Synchronous Reverse, und the optional Fast 
line at the control interface connector of the deck. 
High speed forward and reverse commands will be 
uecepted when ths tape is on dine and seleeted. The 
high speed reve se command will be implemented at 
any time whe. tape is posittoned pust the BOT tab 
and the high speed forward command will be carried 
Out only when tape is positioned at or between the 
BOT und EOT tabs (past EOT, a faust) forward 


command will cause tape to advance at the normal 
synchronous forward speed). Note: ‘This feature 
should be used only for purposes of high speed search, 
as writing cannot be done at high speeds. 


AUTO POWER RESTART (APR) 


Determined by the configuration of components in 
the APR field and external assemblies (in) some 
models) driven by this module. When specified at the 
time of factory order, thls option will protect the 
tape unit against "brownout" and will automatically 
power up, load, and set the deck on line under certain 
conditions. With the standard APR option this 
circuitry continually monitors the line voltege and 
whether the tape unit Is on Hine or off line. If the 
external line voltage falls below a minimum value 
required by the tape deck, this option will force the 
deck into an off-line state along with issuing a 
BROKEN TAPE command (i.e., the reel and capstan 
servos will be disabled and any write current {s 
inhibited). When the input power level returns to an 
acceptable value, the APR circuitry will do one o: 
two things, depending on whether the deck was on 
line before the power fell: (1) nothing, if the deck 
was In an off-line state, or (2) load, advance tape 
several inches and place the deck on line if it was 
previously jn an on-line state. Additionally, if APR 
circuitry is used In the Model 9832 buffer, it will 
issue an INITIALIZE signal (.e., clear the buffer 
memory) when power is returned. 


OPTIONAL LOAD ON LINE FEATURE 


A factory variation (to be specified at time of order) 
of the standard APR option is the LOAD ON LINE 
(LOL) feature. If specified, this allows the user, 
through a control interface signal, to load and place 
the tape deck on line. The LOL signal {fs 
acknowledged only after external power has dropped 
and returned to an acceptable level and the deck is in 
an unloaded state. If the LOL feature is used, it I{s 
the user's responsibility to provide a TTL logic low- 
going pulse (minimal pulse duration 500 milliseconds) 
after power is returned to an acceptable level. ‘The 
LOL signal Is not gated with SELECT and appears as 
an input signal on interface connector JLA. 


SUGGESTED USAGE OF APR PLATURE 


The standard APR circuitry is activated only when 
the deck is plueced on line and is deactivated when the 
deck is placed off line. (Un the ease of the LOL 
variation, cireuitry is activated only when power has 
farled and then returned when the deck ds in an 
Unloaded state.) Thus, when manually loading a reel 
of tape on the deek. the APR feature is transparent 
lo the operator and only comes into play when 


external power hus failed with the tape deck in an on- 
line stute. The tape deck must be mounted In a 
vertical positon to avoid spilling of tape in the case 
of power failure. Proper positioning of commands 
after the APR circuitry has repowered the deck 
depends on the particular mode of operation and 
should be determined by the application. If a rewind 
was In process at the time of power failure, the tape 
may stop and become repositioned up to 5 fect before 
load point. Fort proper operation in this case, tape 
should be spaced forward 6 feet and then rewound. 
For any other mode of operation, it Is suggested that 
4 REWIND command be Issued immediately after an 
APR power-up. The LOL signal is not guted with 
SELECT and appears as an Input signal on Interface 
connector J1A. 


The APR clreuitry is designed to operate under 
conditions of power failure external to the tape deck. 
Power failure simulations made vlu the front panel 
power switch do hot come under the above category 
since this power switch Is located between an input 
power RFI filter and the power transformer. 


AUTO POWER RESTART ADJUSTMENT 


Normal field adjustment of the Auto Power Restart 
board is hot required unless a new APR board is 
placed in a machine or an existing board has been 
refurbished. If this Is the case, the following field 
procedure Is recommended: 


\. Power up machine and adjust R18 fully CW. 


2. Monitor TP-A and TP-B with a scope. TP-B Is a 
logic level and will be high. TP-A is the 


BUG-4845-2U0A 


preregulated +5 vde and will appear on the scope 
as Illustrated below: 


voltnpe TIA 


Vintn 


Ov time 


J. Adjust the input pane voltage to the machine so 
that the value of V (us Tear ubove) equals 
the value stuted on "thematic 401-4843-001 of 
the APR PC board. 


4.Turn R18 CCW untll the voltage appearing at 
TP-B goes low. 


APR OPERATION IN MODELS 9100/9400 


APR operation In these vacuum column tape 
transports {s identical to the above description with 
the following exceptions: 


u) Manuul and power failure initiated load 
sequences take approximately twice as long 
due to the increased tape tensioning time 
required to prevent oversized tape loops 
from forming In the vacuum columns during 
4 power failure. 


b) The manual and APR load sequences are now 
as follows: Tension Tape; Load Columns, 
Search forward to load point; if load point is 
not found after a given time out period, 
rewind to load point; then place unit online. 


BT 
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TYPE 6667 SEQUENCE CONTROL 
CIRCUIT DESCRIPTION 


This module contains circuitry for implementing the 
following sequences: LOAD, when tape Is loaded Into 
the column after the LOAD pushbutton is pressed; 
UNLOAD, when tape is rewound onto the supply reel 
after the REWIND pushbutton is pressed at load 
point, and POWER OFF, when tape is removed from 
the column and tensioned after power is turned off 
from the front panel POWER pushbutton. In addition, 
the broken tape sensor detector circuitry (Q2 and 
related components), the rewlnd pushbutton control 
circuitry (IC13, IC? and related components), the 
automatic load point search circuitry (IC3 pin 12, Cé, 
R24) are all located on this board. 


Sequences abe controlled through the use of a low 
frequency clock (IC 15) with a period of approximately 
0.5 second, and an eight-stage shift register (1C16, 
IC17). When power Is first turned on, a power preset 
pulse (IC6 pin 4, Q1 and related components) presets 
the shift register to all zeros, resets the load flip-flop 
({C9 pin 6), and the unload flip-flop (IC9 pin 8). By 
the same token the load point search [flip-flop (IC 
pin 6) is being set. 


Note that a broken tape sensor output or a loss of 
vacuum detected after loading will generate the same 
preset status mentioned above. Under these 
conditions no power is applied to the vacuum blower 
motor and the high power transformer (for the 
servos). Ih addition, a broken tape signal and an 
unload command are sent to the control logic, and a 
sensor dsable and servo disable true signal are sent to 
the servo preamplifier. 


LOAD SEQUENCE 


When the LOAD pushbutton Is pressed after a low 
frequency clock time, the load flip-flop is set, 
enabling the shift register to shift 1 to the right. 
(The low frequency clock Is also the clock to the shift 
register.) The loud flip-flop also starts the vacuum 
motor through a command from SSI (capacitive 
start). At stage 1 the LOAD light on the front pane! 
is turned on and so Is the high power transformer, 
generating +24v rectified (SS2). This delay avoids a 
high surge of ae input current which could overload 
the line. 


At stage 2, the servo disable to the servo 
preamplifler is set false, allowing the power 
amplifiers of the reel and cupstan servo to operate. 
At the same titne, the load relay is energized, 
connecting the reel motors to their respective 
amplifier and latching the ae power pushbutton. 
(Prior to this, the motors were being braked.) 


At stage 7, sensor disable goes false. During the time 
from stage 2 through stage 6, the reels motors were 
operating on an open loop mode, tensioning the tape 
on its threading path ‘and allowing the vacuum to 
reach its nominal level. When the servo disable goes 
false, the tape is fed Into each column through a 
measured "kick" (this circuit is implemented in the 
Type 6666 Servo Preamplifier) and the position servo 
mechanism of each column is closed through its 
respective sensor. The tape is now loaded. 


At stage 8, a load signal (with a false broken sensor 
signal) is fed to the control electronics, which in turn 
enables the capstan to run forward. If load point ls 
not found within 6 seconds (60 feet), the load point 
search flip-flop is still set and 1C16 will foree a 
rewind to load point. At the same time, the vacuum 
switch Is enabled. 


POWER OFF BEQUENCE 


When power is turned off from the front panel, switch 
Si will close and reset the load flip-flop, enabling the 
shift register to shift 0 to the left, turning off the 
vacuum blower and immediately setting SENSOR 
DISABLE true. ‘The sequence Is now opposite to the 
load sequence. Up to stage 2 the tape Is being pulled 
out of the column and tensioned properly. At the end 
of the sequence all power is turned off (load relay 
false), 


UNLOAD SEQUENCE 


When the REWIND pushbutton is pressed at load point 
and the tape is standing still as detected by [C13, 
CR5, CR6, R20, R22 and R21, the unload flip-flop is 
set and the power off sequence is initiated (IC5, pin 
12). However, the power remains on at the end of the 
power off sequence and after tape has been pulled out 
of the column, an UNLOAD/ true signal is sent to the 
6666 Servo Preamplifier, disabling the takeup servo 
and applying voltage to the supply reel to unload the 
tupe. The unload sequence is terminated when end of 
tape iy detected by the broken tape sensor, which 
results in BAN true at the sequence control. 


REMOTE UNLOAD 


Certain APR modified units permit remote unloading 
from the interface. UNLOAD/ true at pin 18 sets the 
UNLOAD flip-flop (1C9-8,12) resulting in UNLOAD/ 
true at output pin 11. 
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TYPE 3733 RAMP GENERATOR 


CIRCUIT DESCRIPTION 


The ramp generator produces the proper analog sig- 
nal inputs to the capstan servo system to control the 
direction and velocity of tape motion, The outputs 
are voltages that rise and fall linearly at controlled 
rates to highly stable levels. These analog signals 
are controlled by digital logic outputs from the con- 
trol section, 


Two similar ramp generator circuits are provided: 
one for normal speed operation and one for high speed 
operation, IC4 {8 an operational amplifier in the 
RUN NORMAL SPEED circuit. The amplifier output 
{8 hormally saturated in the negativedirection. When 
its positive input at pin 3is high, the output saturates 
at +10 volts, This occurs when the RUN NORMAL 
input sets flip-flopIC?7. 1C4 feeds FETs Q1, Q2 which 
are connected in a constant-current circuit. The 
magnitude of current flow in the circuit is controlled 
by R3 and R4,. R93 controls current in the positive- 
going direction, or start ramp, while R4 controls 
the hegative-going stop ramp, 


Since Cl is charged by a constant current, its volt- 
age rises linearly until clamped by CR1 toa value 
one diode drop below +5 volts. The emitter of Q11 
is connected toRUN FAST voltage through diode CR9. 
Since Q11 is controlled by unregulated power supply 
voltage at pin W, it pulls down the +65 volt RUN FAST 
Signal whenever the line voltage drops below its 
rated level, 3 is an emitter follower whose output 
rises to a value of +6 volts, since the emitter can 
rise one diode drop higher than the base. When the 
input from [C7 to [C4 drops, the voltage fed to Ql, 
Q2 goes to -10 volts and C1 is discharged Ilnearly 
until clamped by the base-collector diode of Q3. 
Since Q3 base goes one diode drop negative, and the 
emitter ts at zero, a positlve-going ramp has been 
generated. 


The ramp voltage output from Q3 is fed to the FET 
gwitches Q4 and Q5. If forward direction has been 
selected, Q4 is on and Q5 {s off. The ramp is then 
amplified by unity gain operational amplifier [C3, 
without inversion, and appears as a positive-going 
ramp at test point A. If reverse {s selected, Q5 {s 
on and Q4 {s off. The ramp ts then fed to the invert- 
Ing input of [C3 and appearsas a negative-going ramp 
ul test point A, Forward/reverse selection is con- 
trolled by flip-flop [C6 and Q9, (10, 


Ramp amplitude and, therefore, tape speed are con- 
trolled by normal speed control 14 and output sum- 
ming resistor Ki5, The fast forward and reverse 


ramps are produced by a similar circuit involving 
amplifiers IC1 and IC2. However, since rewind 
speed and ramp time need not be precisely con- 
trolled, resistors are used instead of FETs tocharge 
and discharge C4 and produce an approximate 0.5 
sec rise/fall time. CR9 and CR10 {solate the ramp 
output from any sSimall offsets that may be present 
in IC2. Rewind speed is controlled by summing re- 
sistor R16. Operational ampliffer [C5 at zero ramp 
output has a slight bias produced by R37 and R38, 
keeping its output negative. When the ramp rises 
above the bias, IC6 switches to positive output, {ndi- 
cating that the tape {s running. This output is used 
to gate off the input circuits through [C10 and IC9, 
Flip-flops IC7 and [C8 may be reset by run normal 
or run fast inputs going false, but cannot be set again 
until the tape comes to a stop. This prevents damage 
from illegal commands and reduces timing require- 
ments, 


Resistor R44, capacitor C10, emitter follower Q11, 
and diode CR8 comprise a voltage tracking circuit 
for RUN FAST signal. The +18 vdc unregulated ref- 
erence voltage is derived frdm power supply trans- 
former T1, 


Type 5733 Ramp Generator Itncludes an additional 
flip-flop, [C11-8, whose function ts to enable con- 
secutive RUN NORMAL commands to be received 
without requiring the tape to ramp down to a stop 
following each normal speed operation, Following a 
RUN FAST command, however, flip-flop IC11 ‘s set 
by IC8, {inhibiting any RUN NORMAL commands until 
the tape comes to a stop, at which point [C9-6 clears 
IC11-9, and the 0 output at [C11-8 enables IC7-2, 


ADJUSTMENT PROCEDURE 


Start/stop time adjustment: 

a. Arrange input signals to the tape transport 
to start and stop machine. Rate must be 
such as to allow full ramp time. 

b. Adjust start ramp (I3) for required time, 
observing with oscilloscope at test point A. 

c. Adjust stop ramp (R4) for required time. 
Time {8s mensured from maximum volts to 
zero volt. 


Speed adjustment: 
a. Using a masterskew tape, drive the trans- 
port ina forward direction at normal speed, 
b. Observe cata rate at read amplifiers and 
adjust Rid for correct timing. 
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TYPE 5719 SENSOR AMPLIFIER DRIVER 


CIRCUIT DESCRIPTION 


This module responds to signals from photoresistive 
cells which senseload point and end of tape reflective 
strips, and broken tape. In addition, this module 
contains the file protect circuitry, the write drives, 
and the erase head drives. 


BOT, EOT, AND BKN SENSOR AMPLIFIERS 


The load point sensor amplifier and the end of tape 
sensor amplifier operate interdependently to detect 
the load point and the end of tape markers. The ac- 
tive components in detecting EOT and load point are 
two operational amplifiers, IC6 and IC8, and two 
transistors, Q1 and Q2, {hn conjunction with associ- 
ated components. Transistors Ql and Q2 act as 
current sources; potentiometer R16 is used to adjust 
the transistor base currents to equalize the voltage 
at the inputs of IC8, the load point sensor amplifier, 
and [C6, the end of tape sensor amplifier. Resistors 
R18, R19, R20, and R21 are used to bias the ampli- 
fiers' inputs when plain tape is in front of the photo 
sensors, When either the load point marker or the 
end of tape marker is detected, the resistance of the 
respective photoresistive cell is lowered by approxi- 
mately 60 percent of its unilluminated value. Each 
cell {s returned to +10 volts, and a30 percent change 
in its resistance, causing a JO percent change in the 
input potential, will be suffictent to switch the output 
of the respective operational amplifier. Resistors 
R17 and R22 serve as feedback loops for noise pro- 
tection. Thus when load point is detected, the load 
point sensor output as input pin Y of this module 
saturates IC8, causing its output to go high, and ts 
inverted twice by IC7 to generate LOAD POINT (LP) 
true at output pin 19 to the Pushbutton Control mod- 
ule. The output of Inverter [C7-8 1s also supplied 
to an edge circult which produces a 1 psec pulse on 
the trailing edge of LP, This pulse is output at pin 
8 to the Pushbutton Control module. ‘The MOT sensor 
amplifier operates In the same manner, generating 
a high output when the KOT marker {is detected, and 
supplying KOT true at output pin X to the Pushbutton 
Control and Control Interface modules, 


BROKEN TAPE signal from the Sequence Control 
enters the board atpinW,. When BROKEN TAPF pues 


true, positive voltage turns on transistor Q3. The 
collector of the transistor goes to ground, generating 
BKN true at output pin 18. When LOAD ts high at 
input pin U the output of [C4-8 ts low. This causes 
the collector of Q3 to be low through diode CR3 and 
the BKN output will be true at output pin 18. Also 
when power is initially turned on capacitor C9 will 
cause the BKN output to be high which presets the 
LOAD flip-flop on the Interface Control module. 


FILE PROTECT CIRCUITS 


The file protect switch otttput is supplied to this 
module at pin T. When a reel is loaded without 
a write enable ring, the switch contact remains 
grounded. During the load sequence, BKN is held 
true by the sequence contro} to facilitate certain 
operations and the tape must be reloaded to change 
the state of the file protect flip-flop ({C4-5). When 
BKN is made false, the circuit looks at the state of 
the file protect contacts. FPT true at pin K of the 
pushbutton control makes WRITE READY (WRDY) 
false, 


WRITE, ERASE DRIVES 


When the file protect switch is grounded, it also 
turns off transistor Q7, in turn shutting off the cur- 
rent at the base of Q8. This cuts off the write head 
and erase head drive currents supplied by transistor 
Q8. In order for the write and erase drives to be 
turned on, the file protect switch must be opened 
and WRITE READY must be true at input pin 2. 
This will activate NAND gate [C2-3, causing op amp 
IC3 to turn off transistor Q9, tn turn enabling tran- 
sistor Q8 to turn on and supply the write and erase 
head drives at pins 22 and J. 


The zener diode into the base of Q7 detects when 
power is being dropped. This turns off Q7 early 
enough in the power down sequence to turn on Q9 and 
remove the head voltage supplied by Q&. This avoids 
putting unwanted flux changes on tape during a power 
failure. 
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TYPE 56655 TEST PANEL SWITCH 


CIRCUIT DESCRIPTION 


Located on the front of the tape transport, this 
module contains the Type 4865 Test Panel, Type 4568 
Cycler, and the Type 3864 LED Display Panel. The 
test panel switch is connected to the Pushbutton 
Control card, which contains most of the logic 
Circuitry required to deliver appropriate commands to 
the ramp generator when the machine is off line and 
one of the test modes has been selected. (Refer to 
Model 9100 Tape Motion Control circuit description 
for a detailed explanation of this process.) Contin- 
uous forward and reverse tape motion circuitry for 
adjusting skew and aligning the tape path is contained 
in the Type 4568 Cycler circuit board. 


CYCLER OPERATION 


When the CYCLE pushbutton is pressed with the 
machine in test mode and at load point, the cycler 
generates alternating negative true TRVS and TRNN 
commands to the Pushbutton Control module. The 
tape will move forward and reverse continuously until 


the STOP pushbutton is pressed ur END OF TAPE is 
reached (Note: Tape will not move in reverse when 
positioned at LOAD POINT.) 


The basic operation of the cycler is as follows: If 
the cycle switch is not activated, the low true RVS 
and RNN signals from IC3 are "gated out" of the 
Pushbutton Control board via the S1 cycle switch. 
When the cycle switch is activated, the low frequency 
uscillator IC2-5 is enabled and RVS and RNN are 
switched into the Pushbutton Control board. Forward 
tape motion is produced by the application of a RNN 
and command, whereas reverse tape motion 
takes place when RNN and RVS commands are 
applied. The duty cycle of IC2-5 is approximately 
60% and is gated at IC3 so that 40% of the time RVS 
is enabled, contributing to a net forward motion of 
tape in the cycle mode. ICi, R4 and C3 act as a 
bidirectional edge detection circuit. ICi-8 triggers 
monostable IC2-9, which disables any RNN command 
during the ramp as required for proper operation. 
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MODEL 9100/9300 SERVO SYSTEM 
CIRCUIT DESCRIPTION 


The Servo System consists of the servo preamplifier 
circuits, the servo amplifier circuits and the braking 
circuits. There are separate servo preamp circuits 
for the reels and the capstan. Each reel servo 
preamplifier circuit is connected to its own servo 
amplifier circuit. The composite schematic of the 
servo system should be used along with the circuit 
description. 


TAKEUP AND SUPPLY REEL SERVOS 


Both circuits are identical; therefore we will 
concentrate on the supply reel servo, discussing 
control signals common to both reel servos as 
applicable. Each reel servo contains a_ sensor 
detector circuit, which converts the position of the 
tape loop into de voltage, an operational amplifier for 
position servo control (IC18, Q6, Q7, Q8, Q9), and the 
amplifier stages (four transistors each). 


Resistor R10 and the supply vacuum column sensor 
contro] the nominal output frequency of the sensor 
detector, IC21. (Refer to paragraph 4.11 of the 
maintenance section if adjustment of resistor R10 is 
required.) 


After the servo signal oscillation is rectified and 
integrated, it is fed to operational amplifier 1C19. 
Gain adjustment pot R24 is set to adjust proper 
position of the tape loop in the column when speed is 
125 ips forward and reverse. (Refer to paragraph 
4.11 of the maintenance section.) N type FET Q2 is 
the sensor disable control. SENSOR DISABLE true 
(high) signal from the Sequence Control will turn off 
the FET, preventing the sensor signal from actuating 
the motors. Thus, when tape is not in the column or 
vacuum is lost, SENSOR DISABLE goes true to turn 
off the signal from the column sensor. During the 
POWER ON sequence, the Sequence’ Control 
generates SENSOR DISABLE true, opening the 
position servo loop and positioning the reels until the 
tape is properly tensioned in the vacuum columns. 


SERVO DISABLE true from the sequencer will disable 
motor current by reverse biasing reel servo control 
FET Q5. FET Q15 and Q32 are also reverse biased, 
opening the takeup réel and capstan servo loops. 


Capacitors C2 and C15 on the reel servos perform a 
special function. During discharging, the capacitors 
will produce a forced sensor output equivalent to the 
tape sitting at the open end of the column. 


A signal from the capstan tachometer ts fed into the 
reel servo system to bias the null position of the tape 
loop as conditioned by the speed and directicn of tape 
movement. This has the effect of optimizing the 
position of the tape in the column. The signal is 


amplified and conditioned by IC4, 3, and 2 so that (a) 
there is no output when tape is standing still (b) there 
is an output proportional to speed and direction 
during ramp-up and ramp-down, and (c) there is a 
fixed voltage while running (IC4 saturated). 


BRAKING CIRCUIT BOARD 


For safety reasons (broken tape) it is desirable to 
place braking tension on the tape after it has been 
threaded and secured to both reels. To accomplish 
this, two thyristors on the Braking Circuit board are 
connected to the motor windings when SERVO 
DISABLE is true. When the reels turn rapidly enough 
for the motor windings to generate more than 3 vac, 
the voltage at the gates of both thyristors will exceed 
0.5 vac. The thyristors now short out, producing a 
counter EMF voltage through the motor windings and 
a 1 ohm resistor, for braking. 


When they are turning slowly the reels will spin freely 
because the voltage produced by the motor windings 
is insufficient to turn on the thyristors. This removes 
all braking effect when the reels are loaded manually. 


CAPSTAN SERVO/CAPSTAN TACHOMETER 


During a RUN NORMAL operation, a RAMP INPUT 
Signal from the ramp generator is combined with de 
feedback signal from the capstan tachometer’ to 
produce an extremely stable capstan speed. The 
ramp input to the Capstan Servo Amplifier is summed 
with the tachometer output at the source of Q32. 
(The STANDARD TACH output at P4-9 becomes 
TACH input ~~ the Sequence Control.) R159 is the 
tachometer nming resistor, while the ramp 
summing resistor is located on the ramp generator. 
Any error voltage -- the difference voltage produced 
by summing ramp generator and tachometer input 
signals -- is fed to operational amplifier IC1. Output 
from IC1 is applied to complementary drivers Q27, 
Q28, Q29 and Q30. These transistors drive the output 
amplifiers stage to develop a de voltage across the 
capstan motor. The motor then increases or reduces 
speed to produce a tachometer output voltage equal 
to that produced by the ramp generator. 


Cap-tan amplifier gain is determined by the negative 
feedback loop around operational amplifier IC1. This 
consists of R143, R144, C31 and ZERO adjustment 
potentiometer R139. If the capstan turns when the 
tupe is stopped, R139 requires adjustinent. This 
procedure is covered in paragraph 4.14 of the 
maintenance seetion. 


FET Q32 controls passage of the servo control output 
to the cupstan op amps, drivers and amplifiers. This 


FET is controlled by SERVO DISABLE input from 
Sequence Control. When the tape is tensioned 
normally (i.e., with all sensors false), SERVO 
DISABLE false (low) is applied to pnp transistor Q1 in 
the upper left hand corner of the schematic. It 
conducts, grounding the -10v supply connected to its 
collector. The gate of FET Q32 is enabled and it 
passes any available error voltage to the capstan 
servo drivers and amplifiers. 


When SERVO DISABLE true is generated by the 
Sequence Control, the -10 volt supply connected to 
the collector of Q1l passes through diode CRI, 
disabling FET Q32 to disable the capstan servo signal 
as well as capstan motor current. 


HIGH SPEED RELAY OUTPUT SIGNAL (P4-13) 


A sampling of capstan tachometer output is amplified 
by operational amplifiers IC8 and 7. When tape speed 
exceeds 150 ips in the fast forward or rewind mode, 
the output produced by these op amps becomes 
sufficient to make Q31 conductive. This grounds and 
closes high speed relay K8 in the power supply which 
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is connected to P4-13 through the wire harness. The 
relay will change the reference voltage of the center 
taps of the high voltage transformer, allowing the 
reel motors to smoothly accelerate the tape to 300 
ips in either fast wind mode. 


SUPPLY VOLTAGE SWITCHING 


In order to decrease .transistor power consumption 
and to lower their operating range, the supply voltage 
of the power transistors for the reel servos is 
switched on and off, depending on the voltage 
required to operate the servos. Comparator IC's 22 
through 25 are connected as a Schmidtt trigger to 
detect the motor voltage and switch on and off 
transistors Q33, 34, 35 and 36. This, in turn, switches 
the supply path Darlington transistors on and off. 
These transistors are mounted on the heat sink. For 
example, the positive supply voltage for each servo is 
turned off when the motor voltage for the 
corresponding servo reaches -6v. The positive supply 
voltage is turned on when motor voltage reaches -3v. 
A diode mounted in the heat sink assembly references 
the supply to ground when the supply path Darlington 
transistor is turned off. 
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TYPE 5726 READ PREAMPLIFIER 


CIRCUIT DESCRIPTION 


This module contains nine identical high gain ampli- 
fiers which amplify the input signal from the read 
head and supply it to the read amplifier cards. Each 
amplifier stage consists of two operational amplifiers 


with negative feedback loops. Overall gain of each 
amplifier stage {f -ontrolled by its variable poten- 
tlometer, R7. It should be adjusted for 8 vdc (p-p) 
at the output. 
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TYPE 6385 QUAD READ AMPLIFIER 
CIRCUIT DESCRIPTION 


This module contains four identical read amplifiers 
which detect, filter and digitize both 800 cpi NRZI 
and 1600 cpi PE read data. Two of the boards are 
employed in dual density transports to process the 
eight read data channels. The read amplifier for 
channel P is located on the Dual Density P Channel 
Clipping PC board. The operation of read amplifier 
ehunnel A is explained below; the other read 
umplifiers operate identically. 


NRZI Operation 


Analog read data from the read preamplifier is input 
at pin E as SIG. Part of the signal is differentiated 
by resistor R2 and capacitor Cl, then applied to the 
NRZI peak detectors IC10-9 and IC10-5. Part of the 
SIG input remains undifferentiated and is applied to 
the positive and negative clipper comparators at IC5- 
9 and ICS-5. Note that the output of all these 
comparators will be positive, since negative signal 
excursions are inverted at the comparator inputs. 


The peak of the differentiated signal waveform 
exhibits a 90 degree phase advance with respect to 
the peak of the undifferentiated signal waveform at 
the clipper comparator outputs. This phase 
difference defines the length of the negative-going 
clock pulse applied to the NRZI read register, J-K 
flip-flop IC6. 


During positive signal excursions, ICL0-7 and IC10-12 
go high, causing IC15-8 to go low. To eliminate 
spurious noise pulses, capacitor C6 delays the read 
signal. When the differentiated signal at IC10-9 
passes the Ov reference point, IC15-8 goes high to 
eliminate spurious noise pulses. Capacitor C6 delays 
the signal slightly. Sinee this delay is a function of 
tape speed, the value of C6 varies accordingly. (See 
table on schematic.) 


The low output pulse from inverter IC19-2 cloeks 
NRZI Read Register IC6. The Q output at IC6-3 
goes high, enabling NAND gate IC] at pin 4. (NRZI 
signal at ICl-5 input remains true as long as the 
transport is selected, the tape is past load point and 
BUSY is false.) The low true digitized NRZI read 
data is output to the interface from pin Z. 


When the NRZI read register is set, its Q/ output goes 
low, causing a low true DATA IN REGISTER, pulse to 
be output to the Dual Density Control board. After 
an appropriate interval, a Reset Read Repister 
(RESETR/) pulse will be clear the NRZI Read 
Register, making DATA IN REG/ false until the next 
NRZI read data bit is upplied to the Read Register's 
clock Input. 


RESETR also pulses true to clear the NRZI Read 
Register when: LOAD POINT goes true, BUSY goes 
true, high density recording (PE mode) is selected, or 
the tape transport is deselected. 


Incidentally, positive or negative NRZI excursions 
must exeeed their respective clipping thresholds ut 
IC10-10 and 1C10-4. The purpose of the clipping 
levels is to eliminate spurious baseline noise pulses, 
requiring the analog signal supplied from the read 
preamplifier to exceed a certain amplitude before it 
is detected by the read amplifier stages. Different 
clipping levels are used during different modes of 
operation. The clipping level during a read only NRZI 
mode is 20 percent of the maximum peak-to-peak 
signal. During a read-after-write operation the 
clipping levels are raised to 33 percent of the 
maximum signal. During the interrecord gap the 
clipping levels are raised 7 percent higher than their 
values during the data block to reduce the probability 
of detecting random noise. When an error is detected 
in a read only mode and the transport is commanded 
to backspace over the erroneous block and reread it, 
the clipping levels are switched automatically to 
maximize the recoverability of marginally recorded 
data. First, the clipping levels are lowered to 
recover possible partial dropouts, and if the error is 
still detected the clipping levels are raised to 
eliminate possible high baseline noise spikes. 


PE Operation 


When High Density Status (HDS) true is output from 
the controller, PE true is generated on the Dual 
Density Control board and input on the Quad Read 
Amplifier at pin L. NRZI signal goes false, disabling 
the Q output of NRZI read register IC6 at NAND gate 
IC 1-5. 


To conform to the PE format, only positive PE read 
data excursions will be peak and threshold detected 
during a PE read forward operntion. To accomplish 
this, AND gates IC 15-9 is disabled by low signal from 
NOR gate [C21-1 to disable negative | signal 
processing. Simultaneously, 1C15-2 tis enabled to pass 
any positive-going PE read data. During a reud 
reverse Pf operation, PE RVS goes truce, enabling the 
negutive transition processing gates and disabling the 
positive ones. 


Note that the PE signal path to the DATA output now 
passes through NAND gate [C1-3. This gate is 
chabled at pin | beeause inverter IC 19-2 goes high 
during each PE read data transition. 
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TYPE 4365 DUAL DENSITY CONTROL 


CIRCUIT DESCRIPTION 


This module performs the following control functlons: 


a. Generates the read clock, supplies the RFAD 
REGISTER RESET signal to the NRZ1 data 
registers, and detects excessive skew 


b. Detects the interrecord pap 


c. Provides the interlocks required for the den- 
sity selection 


d. Supplies the reference frequencies for the 
write test 


These operations are described below, 


READ CLOCK, REGISTER RESET, AND SKEW 
DETECT NETWORK 


The read clock and its related functions are per- 
formed as a function of a crystal generated master 
clock. The clock {s produced by a master oscillator 
consisting of crystal Y1, transistors Q1 and Q2, and 
capacitor C4, connected in a feedback loop. The 
output clock of the oscillator is a square wave with 
a frequency equivalent to 64 times the 800 epi data 
rate. (The master frequency is divided by two in 
transports with running speeds slower than 25 Ips, 
by connecting flip-flop IC16 tn the network.) The 
master clock {S$ supplied to a skew counter consist- 
ing of two divide-by-16 counters, IC14 and 1C17, in 
tandem, Thecounteris preset to oneof three counts, 
depending on the mode of operation, and then counts 
up to its maximum count. During a read mode the 
skew count is 29, or approximately 45 percent of the 
character time. During a read-after-write mode 
the skew count Is reduced to 21 (by WRITE READY 
activating NAND gate [C5-6), or approximately 33 
percent of the character, and during the read test 
mode the count ts reduced tos, or approximately 13 
percent of the character space. The shew pate is 
Shortened during the read test mode to enable aceu- 
rate alignment of the read head with respect to the 
tape path using an s00 cpl skewmaster tape. 


When the leading channel detects data it supplies 
DATA IN REGISTER true at input pin Hy, setting the 
D input of Mip-flop C16 hiph, The succeeding master 
Clock pulse clocks [C16 to the set state, the Q outpul 
poing high to enable the skew counter to count. When 
the counter reaches its maximum count, the CARRY 


output of 1C14 goes high and sets the 1D input of the 
first [C9 flip-flop high. The next master clock pulse 
clocks the flip-flop to the set state, and {ts Q output 
goes high to generate the read clock pulse through 
NAND pate 1C5-3 (since the Q output of the third [C9 
flip-flop is still high). Theduration of the read clock 
is equivalent to two master clock intervals; the third 
master clock toggles [C9-15 to the set state, its ] 
output going low to terminate the output READ CLOCK 
pulse. The fourth clock pulse following the comple- 
tion of the skew count toggles [C9-7 to the set state, 
its Q output going high to supply a RESET READ 
REGISTER RESETR pulse, RESETR clears the NRZ1 
data register portions of the read amplifier stages, 
setting the DATA IN REGISTER signals of all nine 
read amplifier stages false. RESETR its also gen- 
erated when signal C goes low. This occurs when 
any one of the following conditions is true: the trans- 
port {s deselected (SLT1 going false), BUSY goes 
true, LOAD POINT goes true, or HIGH DENSITY {s 
selected. Any of these conditions would clear the 
NRZ1 read registers, 


The fourth clock pulse following the skew count com- 
pletion also sets the input of D type flip-flop [C11 
high. On the fifth pulse that flip-flop {ts toggled to 
the set state, its Q output going low to enable one- 
shot ICl2 at pin 9, Tf one of the channels detects an 
additional character at this time its DATA IN REG 
goes true again, is inverted by IC1-6 and triggers 
the skew one-shot [C12 at pin 10.) The Q output of 
the one-shot supplies a pulse through inverter [C2-6 
that is used to illuminate the test panel skew indicator, 


GAP DETECTION NETWORK 


A l2-character delay is provided between the last 
character of the block and the GAP DETECT indica- 
tion. The gap detection fs performed by a network 
Including flip-flop IC11, divide-by-16 counter IC13, 
and NAND pate [C7-38. During the data block DATA 


IN REGISTER (a wire-OR'd signal supplied trom the 


nine read amplifier stages) remains true; it is ine 
verted twiee by IC1-6, [CT-e and keeps counter [C13 
cleared until the end of the data block. Vollowing 
the last character in the block DYPFA TN REG poes 
high and the direct-clear is removed from ECU. At 
this time the Q output of thip-flop TCL is high, the 
Hip-flop having been clocked to the clear state when 
DATA TN REG first went true at the bewinning of the 
block. Counter ICES is then clocked by Ct, an “60 


ept data rate clock supplied from the clock dividing 
network including [C15 andIC1s, Twelve clock counts 
into the gap ICL3 activates NAND gate [C7-3; the 
output of the gate goes low and direct-sets flip-flop 
IC11, the Q output of [Cll poing low to lock the coun- 
ter while the Q output goes high and supplies GAP 
DETECT truce at output pink, GAP DETECT remains 
true until either the beginning of the next block or 
until the transport {s deselected (SEL Apoing false), 


DENSITY SELECT CIRCUITS 


The NRZ1 800 cpt mode is selected either when the 
transport is selected and on line (SLT1 true, acti- 
vating OR gate I1C19-3) or when the transport is in 
the test mode (TM true at Input pin U), provided that 
LOAD POINT is false and that HIGH DENSITY SE- 
LECTED ts also false. If these conditions are satis- 
fied then NAND gate [C3-8 {s activated, supplying 
NRZ1 true at output pin M to enable the NRZ1 por- 
tions of the data electronics. 


The high density {s selected whenever the interface 
supplies HIGH DENSITY SELECT HDS true at input 
pin A of this card, the transport is selected and on 
line (SLT1 true), and not in the test mode (TM false). 
When these vonditions are satisfied NANDpate IC6-3 
is activated, supplying HIGH DENSITY true HDENS 
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at pin Y and HDI true at pin BB. if in addition to the 
above conditions the BUSY and the LOAD POINT 
status lines are both false, AND pate [C19-48 is acti- 
vated, supplying PHASE FNCODED PE true at output 
pin-Jto enable the phase encoded portions of the data 
electronics, 


WRITE TRST FREQUENCIES 


The reference trequenctes TANI and PMX2 are S00 
epi data rate square waves, 190 degrees out of phase, 
used to alternately set and reset the write amplifier 
flip-flops to generate the NKRZ write test mode all-1 
pattern, 


These frequencies are venerated by the divider net- 
work including 1C15 andIC1s counters, which divides 
the master oscillator frequency into the data rate 
clock Ct. Ct is then pated through two IC5 NAND 
gates, with the Qe output of C15 used to invert the 
phase of one frequency with respect to the other, 
The two test frequencies are then gated through the 
IC4+ NANDpates when the write test mode is selected, 
indicated by both TM and WRITE READY being true. 
The two frequencies are then output at pins Fo and EF 
as TMX1 and TMX2 and are supplied to the write 
amplifier cards, 
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TYPE 5771 SEVEN-TRACK DELAY TIMING MODULE 


CIRCUIT DESCRIPTION 


This module performs the following control functions: 


a. Generates the read clock, supplies read 
register reset signal to the NRZI data regis- 
ters and detects excessive skew. 


b. Detects the interrecord gap. 


c., Supplies the reference frequencies for the 
write test. 


d. Selects one of the two available densities. 


READ SKEW, REGISTER RESET AND SKEW DE- 
TECT NETWORK 


The read clock and its related functions are per- 
formed by the crystal generated master clock. The 
clock {s produced by a master oscillator consisting 
of erystal Yl and 1C20 The output of the oscillator 
is a 25.6 kHz squarewave. Signal Fl, the master 
clock output, is inverted at IC12-3 and supplied to 
IC14, which is a divide-by-16 skew counter. ‘This 
counter is preset to one of three counts (depending on 
the mode of operation), and then counts to its 
maximum count. During a read operation, the skew 
count is 15, or upproximately 45% of the character 
time. During a read after write operation, the skew 
count is reduced to 11! (through load input C of 1C14) 
or approximately 34% of the character time. During 
a read test the count is reduced to 4, or approx- 
imately 13% of the character time. The skew gate is 
shortened during the read test mode in order to 
enable accurate alignment of the read head with 
respect to the tape path. 


When the leading channel detects data, it supplies 
DATA IN REG true to Input pin Tl, setting the ld mine 
at flip-flop [C10-12 high. Next, a master clock podse 
from fl clocks [C10 to the set state, and the Qoutput 
goes high to enable skew counter [C1]. When the shew 
counter reaches its maximum count, the carry oul 
(C/O) output of IC14 poes highand sets the 1D input at 
flip-flop [C15-12 high. ‘Tie next master cluch pulse 
Clocks IC 15-11 to the set state and its Q) output woes 
high to generate the read clock pulse throiwsh NON) 
gate IC9-3. The next master choc! jpuidse resets 
IC15-9, since IC14 had been preloaded ip the pre- 
vious state, The duraticnet the read clock bea there 
fore cquivalent to one imaster cioch interval (1/?und 


1 

of speed x density). The third master clock pulse 
clocks IC15, pin 5 to the set state to supply reset 
read register true to the data registers of the read 
amplifier stages. This clears the data registers, 
setting the DATA IN REG signals of all nine read 
amplifiers false. RESET R is also generated when 
‘BUSY is true. The fourth clock pulse sets the Q out- 
put of 1C16-9, If data in register signal is still true 
at this time (indicating bad skew), one shot [C19 fires 
and illuminates the skew indicator on the front panel 
for a fixed time delay. 


GAP DETECTION NETWORK 


A 12 character delay is provided between the last 
character of the block and the gap detect indication, 
Gap detection is performed by a network which in- 
cludes flip-flop 1C19 and counter I[C11. During the 
data block, DATA IN REG (a wire or'd signal sup- 
plied from seven of the read amplifier stages) re- 
mains true; it is inverted twice by 1C9-8 and IC13-11 
to keep counter [C11 cleared until the end of the data 
block. Following the last character in the block, 
DATA IN REG goes false (high) and the direct clear 
is removed from IC1l1. At this time the Q output of 
flip-flop [C10 is high, since it was clocked to the 
clear stute when DATA IN REG first went true at the 
beginning of the block. Counter 1C11 is then clocked 
by a clock frequency equivalent tothe data rate at the 
selecte. density, At count 12, [C12-11 goes low, 
direct setting [6 10-0 and loching the counter. IC1L0-5 
outputs the gap detect (GAP DET) signal, which is 
gated with LP, SLT) and BUSY. GAP DET remains 
true until the beyinninyg of the next block or until the 
transport is no longer selected. 


DENSEPY SELECT CHROUTTS 


A dual density machine is ciher 20073556 epi or 
95600 epi. Switchable micreswitch contacts S1-S4 
are edd to setoct oonther density pair. They are 
feororv sel for the decsit) apion chosen. Kefer to 
hie O77) cchenuatic fable dear othe correct switch 
SOTLIM Ss 


Vithanedcn opited, the highor low density clock fre- 
Quen vis selected by the state ot the IDS input from 
Hh oecrhtee. HDS frue wilt select the higher density; 
fics dadse scieets the lower density. When HDS [s 
froe, WDE tros will bere Gened to the interface, pro- 
Vided the transport is selected, not at load point and 


not busy. The HDS LEDwillalsobe illuminated. The 
proper master clock frequency is automatically se~ 
lected by IC1-8, IC1-6, [C2-6 and IC2-12, 


WRITE TEST FREQUENCIES 


The reference frequencies TMX1 and TMX2 are re- 
verse phased 800 cpi data rate squarewaves. These 
frequencies alternately set and reset tic write amp- 
lifier flip-flops to generate an all-1 tast pattern for 
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NRZI write testing. TMX1 and TMX2 are generated 
by a divider network consisting of [C4 and IC7. This 
network divides master oscillator frequency f1 to 
produce data rate clock fr. Clock fr {ts then gated 
with the QDoutput of IC7. This makes TMX1 180 de- 
grees outof phase withrespect to TMX2. TMX1 and 
TMX2 are then buffered and gated through [C3. The 
TMX1 and TMX2 reference frequencies will only be 
output when the write test mode is selected (WRDY 
true and TM truce). 
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TYPE 636, DUAL P CHANNEL /CLIPPING PC BOARD 


CIRCUIT DESCRIPTION 


This module contains the read amplifier stage for 
channel P as well as the automatic clipping level 
switching control. The operation of the read 
amplifier stage is identical to that of the read 
amplifier stages located on the 6385 Dual Density 
Quad Resxd Amplifier, and as described in the circuit 
descriction of that card. The generation of the 
clipping levels and their switching control is 
explained below. 


The purpose of the clipping levels is to eliminate 
Spurious baseline noise pulses, requiring the analog 
signal supplied from the read preamplifier to exceed 
a certain amplitude before it is detected by the read 
amplifier stages. Different clipping levels are used 
during different modes of operation. The lowest 
clipping thresholc oceurs during read only NRZI 
mode. This level is increased during read after write 
operations. During the gap the clipping levels are 
raised even higher to reduce the probability of 
detecting random noise. When an error is detected in 
a read only mode and the transport is commanded to 
backspace over the erroneous block and reread it, the 
clipping levels are switched automatically to 
maximize the recoverability of marginally recorded 
data. First the clipping levels are lowered to recover 
possible partial dropouts, and if the error is still 
detected the clipping levels are raised to eliminate 
possible high baseline noise spikes. 


The main component used in producing the clipping 
level voltages is operational amplifier IC17. The 
output of IC1/ is used us the negative clipping level, 
und is supplied to the P channel read amplifier stage 
on this ecard and to the read amplifier stages of the 
other channels through output pin R. Operational 
amplifier IC18 inverts the output of IC13, supplying 
the positive clipping level. 


During the NRZI mode FET Q2 is turned off by Phase 
Encoded (PE) false. As a result, resistors R14 and 
R15 are included in the negative feedback loop of 
operational amplifier C17. The +10v routed through 
resistor R11 provides the minimum input voltage to 
ICl?, producing an output clipping level of 
upproximately 0.4 volt. Other voltages are added to 
the input of ICI7 through RI6, R17, or R18, 
increasing the clipping level's amplitude as required 
by the particular mode of operation. Thus, during a 
read only operation, the voltuge through R17 is 
eombined with RI1's voltage. 


During a read after write mode, WRDY true at input 
pin d direct-sets flip-flop IC1l6-4. The Q output of 


IC12 then goes high to add the voltage through R18 to 
that used during the read mode. This increases the 
read-after-write clipping level. 


During the NRZI gap, GAP DET true at input pin F 
supplied from the Dual Density Control module is 
inverted by IC4-6 to activate NAND gate IC9-8, 
which adds the voltage through R16 to that used 
during the read only mode. 


During a phase encoded operation, PE/ true (supplied 
at pin L from the Dual Density Contro! module) turns 
FET Q1 on, in effect bypassing R17 in the feedback 
loop of operational amplifier IC17. This reduces the 
output levels during PE. 


The automatic clipping level switching its provided by 
the network including flip-flops IC7, IC16, exclusive - 
OR gate IC12 and associated circuitry. The circuit is 
used as a direction reversal indicator, the Q output of 
IC7-5 going high whenever the direction of motion is 
switched from reverse to forward or forward to 
reverse. Whenever two RUN NORMAL (RNN/) 
commands are given in the same direction, the Q 
output of IC7-5 goes low. The two J-K flip-flops of 
1C16 are connected as a divide-by-three counter, to 
count the number of direction reversals. If an error 
is detected during the read mode and the transport 
backspaces over the erroneous block, the Q output of 
IC7-5 goes high, setting the J-K input of IC16-11 
high. During the second reread of the block, IC16-9 
is toggled to the set state by a pulse formed on the 
leading edge of the RUN NORMAL (RNN/) command. 
The Q output of IC16-9 high is inverted at 1C13-4, 
grounding resistor R17. This reduces the clipping 
levels during the second reread of the block. If an 
error is still detected, counter IC16 moves to the 
count of 2, with the Q output of the second IC16 flip- 
flop going high and that of the first going low. As a 
result, the voltages through R17 and R18 are added to 
the clipping levels, to increase the clipping threshold. 
During the next reread the voltage through R17 would 
be removed, further reducing the clipping ievel. The 
eycle would be repeated on the subsequent reread 
attempt. 


The automatic switching is disabled if tie transport 
interface supphes CLIPPING LEVEL DEFEAT (RTH/) 
true at input pin N, provided that the transport. is 
selected. This would activate NAND gate ICI-12, to 
clear the IC? flip-flops and direct set IC 16-4. BUSY 
(BSY/) true or WRITE READY (WRDY). true would 
have the same effect. 
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DUAL DENSITY WRITE SECTION 


CIRCUIT DESCRIPTION 


This {8 a composite schematic of the Type 4366A 
Four Channel Write Amplifier and the Type 4368A 
Five Channel Write Amplifier. Write channels P, 
0, 1, and 2 are processed by the Type 4366A Write 
Amplifier, while write channels 3-7 are processed 
by the Type 4368A Write Amplifier. 


WRITE AMPLIFIER OPERATION 


Each write amplifier stage consists of two OR gates, 
an input buffer flip-flop, a delay counter, and a pair 
of drivers. The operation of the write channel P 
amplifier stage is explained; the other stages operate 
similarly. 


Write data channel P signs! from the transport inter- 
face is inverted and supplied to the J input of input 
buffer flip-flop IC8, as well as one input of OR gate 
IC7. Write data is processed differently, depending 
on whether the tape transport is operating in the PE 
mode or the NRZ1 mode, 


In the NRZ1 mode, NRZ1 high from the Dual Density 
Control module is inverted and supplied to one input 
of OR gate IC7. During NRZ1 high, this gate will 
pass the NRZ1 data without inverting it. Each time 
the input NRZ1 data goes low, both the J and K inputs 
of the input buffer flip-flop are set high. TheWRITE 
DATA STROBE (WDS) from the interface now toggles 
the input buffer flip-flop to the opposite state. Thus 
for each 1 input, a polarity transition is recorded on 
tape. When the input data is high, containing a logic 
0, the J and K inputs of the buffer flip-flop are set 
low. Thus the flip-flop does not change states when 
clocked by the WRITE DATA STROBE. 


In the PE mode, NRZ1 false is inverted, causing 
OR gate ICT to become an inverter. Now the input 
buffer flip-flop stores the input logic states whenever 
clocked by the phase encoded 3200 fci WRITE DATA 
STROBE, In the PE mode the data lines are already 
encoded in the formatter. 


The input buffer flip-flop will store the data until 
the delay counter of the respective stage reaches its 
maximum count, The delay counter of each stage 
digitally deskews the write data, using channel P as 
a fixed reference. Although the delay counter of 
channel P is permanently preset to the count of 8, 
.the counters of write data channels 0-7 can be preset 
to any count, using switches to cither ground or open 


their parallel inputs. These delay counters are 
clocked by a reference frequency (Cx) at approxi- 
mately 80 times the 800 cpi data rate, 40 times the 
1600 cpi data rate, or 20 times the fci rate. Gener- 
ated by an oscillator circuit, this clock advances 
each delay counter from the preset count until it 
reaches the maximum count of 16. At this point the 
Q, output of the delay counter will clock the respective 
output register flip-flop, This transfers data from 
the input buffer to the output of the amplifier stage, 


where a pair of drivers energizes the respective 


head winding. 


Write data deskewing is performed by manually ad- 
justing the switches of one channel at a time until 
the output of that channel, as displayed onan oscillo- 
scope connected to the Read Preamplifier module, 
coincides with channel P, The write deskewing com- 
pensates for the physical displacement of the channels 
with respect to each other on the write head. The 
write deskewing procedure does not correct for the 
misalignment of the head with respect to the tape 
path. The delay counter switches are preset in the 
factory and normally their positions should not be 
changed unless the write head has to be replaced. In 
that case the new factory supplied head is provided 
with a tag showing thenew delay counter switch posi- 
tions, as required to compensate for the new head's 
characteristics. Should readjustment become nec- 
essary, follow the write deskewing procedure outlined 
in the maintenance section of this manual, 


WRITE TEST MODE 


When th. transport is in the write test mode, input 
frequencies TMX1 and TMX2 from the Dual Density 
Control module alternately set and reset the input 
data buffer flip-flops of each write amplifier stage, 
generating the required NRZ1 all-1 test pattern on 
the tape. TMX2 true pulse also fires one-shot ICS. 
This disables WRITE AMPLIFIER RESET (WARS) 
from the interface, permitting the tape to be written 
on during the test mode without disconnecting the 
Model 9100 from the interface. 


TYPE 4368A AMPLIFIER OPERATION 


The operation of these write amplifiers is identical 
to that of the Type 4366A Four Channel Write Ampli- 
fier module described above. 
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DUAL DENSITY WRITE SECTION 


CIRCUIT DESCRIPTION 


This is a composite schematic of the Type 5366 
Four Channel Write Amplifier andthe Type 5368 
Five Channel Write Amplifier. Write channels P, 
0, 1, and 2 are processed by the Type 5366 Write 
Amplifier, while write channels 3-7 are processed 
by the Type 5368 Write Amplifier. 


WRITE AMPLIFIER OPERATION 


Each writeamplifier stage consists of two OR gates, 
an input buffer flip-flop, a delay counter, and a pair 
of drivers. The operation of the write channel P 
amplifier stage is explained; the other stages operate 
similarly. 


Write data channel Psignal from the transport inter- 
face is inverted and supplied to the J input of input 
buffer flip-flop IC8, as well as one input of OR gate 
IC7. Write data is processed differently, depending 
on whether the tape transport is operating in the PE 
mode or the NRZ1 mode. 


In the NRZ1 mode, NRZ1 high from the Dual Density 
Control module is inverted and supplied to one input 
of OR gate IC7. During NRZ1 high, this gate will 
pass the NRZ1 data without inverting it. Each time 
the input NRZ1 data goes low, both the J and K inputs 
of the input buffer flip-flop are set high. The WRITE 
DATA STROBE (WDS) from the interface now toggles 
the input buffer flip-flop to the opposite state. Thus 
for cach 1 input, a polarity transition is recorded on 
tape. When the input data is high, containing a logic 
0, the J and K inputs of the buffer flip-flop are set 
low.’ Thus the flip-flop does not change states when 
clocked by the WRITE DATA STROBE, 


In the PE mode, NRZ1 false is inverted, causing 
OR gale [C7 to become an inverter. Now the input 
buffer flip-flop stores the input logic states whenever 
clocked by the phase encoded 3200 fel WRITE DATA 
STROBE, In the PE mode the data lines are already 
encoded in the formatter. 


The input buffer flip-flop will store the data until 
the delay counter of the respective stage reaches its 
maximum count, The delay counter of each stape 
digitally deskews the write data, using channel P as 
a fixed reference, Although the delay counter of 
channel P is permanently preset to the count of 8, 
the counters of write data channels 0-7 can be preset 


to any count, using switches to either ground or open — 


their parallel inputs. These delay counters are 
clocked by a reference frequency (Cx) at approxi- 
mately 80 times the 800 cpi data rate, 40 times the 
1600 cpi data rate, or 20 times the fcl rate. Gener- 
ated by an oscillator circuit, this clock advances 
each delay counter from the preset count until it 
reaches the maximum count of 16. At this point the 
Qy output of the delay counter will clock the respective 
output register flip-flop, This transfers data from 
the input buffer to the output of the amplifier stage, 
where a pair of drivers energizes the respective 
head winding. 


Write data deskewing is performed by manually ad- 
Justing the switches of one channel at a time until 
the output of that channel, as displayed on anoscillo- 
scope connected to the Read Preamplifier module, 
coincides with channel P. The write deskewing com- 
pensates for the physical displacement of the channels 
with respect to each other on the write head. The 
write deskewing procedure does not correct for the 
misalignment of the head with respect to the tape 
path. The delay counter switches are preset in the 
factory and normally their positions should not be 
changed unless the write head has to be replaced. In 
that case the new factory supplied head is provided 
with a tag showing thenew delay counter switch posi- 
tions, as required to compenSate for the new head's 
characteristics. Should readjustment become nec- 
essary, follow the write deskewing procedure outlined 
in the maintenance section of this manual, 


HEAD CURRENT REFERENCE 


In the NRZ1 mode, both pairsof drivers are actuated 
to pass full write current to the head. In the PE 
mode, IC17 and [C19 are disabled by NRZ2 false. 
Only IC18 and [C20 are enabled, which decreases 
write current to the proper level for PE operation, 


WRITE TEST MODE 


When the transport is in the write test mode, input 
frequencies TMX1 and TMX2 from the Dual Density 
Control module alternately set and re: wt the input 
data buffer flip-flops of each write amplifier stage, 
generating the required NRZ1 all-1 test pattern on 


the tape. TMX2 true pulse also fires one-shot IC5. 
This disables WRITE AMPLIFIER RESET (WARS) 
from the interface, permitting the tape to be written 
on during the test mode without disconnecting the 
Model 9300 from the interface. 
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TYPE 5368 AMPLIFIER OPERATION 


The operation of these write amplifiers is identical 
to that of the Type 6366 Four Channel Write Ampli- 
fier module described above, 
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